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CHAPL1 X. AQUEOUS MAKE-UP

A. DESCRIPTION OF ENGINEER'S FLOW SITCH

The function of the aqueous make-up system is the preparation and dis-
tribution of "cold" aqueous solutions to the TBP Plant (221-U Building),
the U0 3 Plant (224-U Building), the Waste Storage Tank Farms (241 Areas),
and the Solvent Treatment Area (276-U). (See Figure X-1.)

The system is designed for an instantaneous plant capacity of 10
short tons of uranium per 24-hour day (13.125 tons/day for the U0 3 Plant).
The compositions of regularly prepared solutions are:

Components

RA Column
Scrub

(BAS Stream)

RC Column
Extractant

(RCX Stream)

RO Column
Scrub

(BOS Stream)

HN03, Wt. *
M

Na 2 SOt Wt. %

Fe(Nff4)2,(SO4)2'6H2O, Wt. -W. *M

HQ112503 ), Wit.

Specific Gravity

faw material specifications
in Reference (2.

31.7
2.0

0.06
0.01

5.0
0.37

1.3
0.05

0.9
0.10

1.078 1.00 1.045

for the components of these solutions are given

Demineralized water is used in the make-up of all "cold" aqueous sol-
vent-extraction column feed streams in the Waste Metal Recovery Plant. The
Demineralized Water Unit, a two-step ion-exchange water demineralizer fed
from the 200-West Area filtered water supply, is located on. the third floor
of the Service Building, 271-U. The daily plant requirement for deminer-
alized water is approximately 100,000 gallons. This unit, with a maximum
instantaneous capacity of 120 galln per minute or a sustained capacity
of 130,000 gallons per day is adequnte to meet this requirement. The
specifications for demineralized water are:

*) Other solutes such as Na 2C03. H3 P04,or H2 SO4 may be used in the ROB.
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Component

Total hardness (as CaCO3 )
Total cations
Total anions
Total dissolved solids
(Exclusive of SiO2)
Silica (as Si02)
Free carbon dioxide (as 002)
Hydrogen ion

Maximum Concentration

2 p.p.m.
4 p.p.m.
4 p.p.m.
4.5 p.p.m.

7.5 p.p.m.
100 p.p.m.

pH 5 (Minimum: pH 8)

Demineralized water is collected in the 6 ,600-gallon Demineralized
Water Head Tank, 341, on the roof of 271-U Building, and overflows to the
two Demineralized Water Holdup Tanks, 342 (6, 6 00-gallon capacity), and
343 (1 4 ,000-gal. capacity), connected in series in the Tank Farm (Building
211-U). A float-operated inlet valve on the Demineralized Water Head Tank,
341, keeps the water level slightly above the overflow to the two holdup
tanks. The three tanks when full provide a 6-hour plant supply of demin-eralized water. The -AZ Make-Up Tanks, 314 and 315, located in Building211-U, are supplied with water pumped from TK-342. All other demineral-
ized water is distributed by gravity flow from TK-341.

Chemical storage facilities provide for a 2-month supply of liquidchemicals and a 4 -month supply of dry chemicals. The daily chemical re-quirement of the plant under nrmal operating conditions (8 short tons ofuranium per day) is:

Material

Demineralized wate;
60% HNo 3
50% NaOH

H(NEGSO3 )
Fe(1H4)2(S04)2'6R20

NaS104 (anhydrous )

Daily Consumption

100,000 gallons
14,200 gallons
7650 gallons
1510 pounds

3050 pounds
2040 pounds

Sixty per cent nitric acid Is delivered to the 211-AU Tank Farm byrailroad tank car or tank truck and is pumped into any of nine 100,000-
gallon Nitric Acid Storage Tanks, 301 through 309. Nitric acid is pumpedfrom these tanks to the slurry removal sites via the 241-WE DiversionStation, and to the following tanks:

Tank
Functional Name

Nitric Acid Addition
Tank

RAS Make-Up Tanks
Nitric Acid Head Tank
Wash Solution Make-Up

and Head Tank

Number

OG-2

314 & 315
201
203

Location
Floor Building

3rd

Ground
3rd
3rd

224-U

211-U
271-U
271-U
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Fifty per cent sodium hydroxido, with a freezing point of 50*F.

(10*C.), is pumped from heated tank cars into any of three steam-heated,

14,000-gallon Caustic Storage Tanks, TK-325 through TK-327, in the 211-U

Tank Farm, or into any of the four 95,000-gallon Caustic Storage Tanks,

TK-321 through TK-324, in the 211-AU Tank Farm. From these tank farms

the caustic is pumped into the Wash Solution Make-Up Tank, 203, the "02

Caustic Header, the Demineralized Water Unit, and the Caustic Head Tank,

205.

Ferrous ammonium sulfate hexahydrate, sulfamic acid, and sodium

sulfate are received as dry chemicals and are stored in the 271-U Building

on the same floor as the make-up tanks in which they are used are located.

The 276-U Solvent Area is supplied with 60 per cent nitric acid, wash

solutions from the Wash Solution Make-Up and Head Tank, 203, and demineral-

ized water, by gravity flow of these liquids from a 400-gallon weigh tank,

276-A, in the 221-U Building operating gallery.

B. SOIUTION MAE-UP PROCEDURES

1. General
Cn

Dry chemicals for solution make-up are weighed on platform scales

and liquid volumes are measured by weight factor or liquid level instruments.

AS and POS are prepared batchwise; PCI, continuously. These solutions are

fed into their respective headers by gravity flow from the naad tanks on

the third floor of the 271-U Building.

2. PAS

PAS is used at & rate of 18,650 gallons per day and is made up alter-

nately in the two RAS Make-Up Tanks, 314 and 315, in 6,600-gallon batches.

This volume of solution will satisfy plant requirements for 8.5 hours under

normal operating conditions. Sulfamic acid is dissolved in demineraliZed

water (solubility: 21 grams per 100 grams of water at 200C.) in the

Sulfamic Acid Make-Up Tank, 206, and ferrous ammonium sulfate hexabydrate

is dissolved in demineralized water (solubility: 18 and 100 grams per

100 grams of water at 0 and 75*C. respectively), in the Ferrous Ammonium

Sulfate Make-Up Tank, 207. These two solutions are dropped to Tank 314

or 315 and blended with detineralized water and 60 per cent nitric acid

to make PAS. The make-up tanks are steam-heated and agitated. After

being sampled, the RAS is pumped continuously into the RAS Feed Tank,

208, (530-gallon capacity, 50-minute holdup), where the liquid level is

maintained constant by a weight-factor-actuated control valve.

3. CX-

PCI is made up in the agitated PCX Blend Tank, 204, (530-gallon

capacity, 10-minute holdup) by continuous blending of demineralized

water and 60 per cent nitric acid which is metered into the tank by a

proportioning pump. The blend tank is kept full by an automatic, weight-

factor-actuated control valve in the water inlet line. This tank also

DECLASSIFIED 0O
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functions as the head tank to supply 75,000 gallons of ROX per day to thecoluns.

4. nce

In the steam-heated, agitated, Sodium Sulfate Make-Up Tank, 220,sodium sulate (or other solute to be used in the ROS) is dissolved indemineralized water In 2 50 0-gallon batches. Each batch supplies the ROSdemand of the plant for 13 hours under normal operating conditions. Thissolution is pumped intermittently to the ROS Head Tank, 202, (3 4 0o-gauoncapacity, 17-hour holdup).

5. Wash Solutions

Wash solutions are prepared in the steam-heated, agitated, 750-gallon,Wash Solution Make-UP and Head Tank, 203, from 60 per cent nitric acid, 50per cent caustic, or any desired dry chemical. These solutions are dis-tributed by gravity flow from this tank to the 224-U Building or to paintsin the 221-U Building via the Wash Header.
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CHAPTER XI. SOLVENT TREATMENT

A. INTRODUCTION

The solvent used in the TBP process for the solvent-extraction of
uranium from underground stored uranium wastes is a solution of tributyl
phosphate (TBP) in a hydrocarbon diluent. The nominal composition of
this extractant is 12.5 per cent (by volume) TBP and 87.5 per cent
hydrocarbon diluent. Specifications for TBP and hydrocarbon diluent as
received from the vendor are listed in the following tables.

TBP Specifications (18)

Butanol
Acidity
Color
Water

Solids
Specific. gravity

Reducing normality less than 0.05
Less than 0.01 Normal
Water white
No turbidity when 1 volume is mixed with
19 volumes of 600 Baumi gasoline at 2000.
Zero
0.973 to 0.983 (20()-/200C.)

Hydrocarbon Diluent Specifications (2)

Specific gravity
Viscosity
Fla:' point

Olefins plus aromatics

6.8 or less at 25 0/4 0 0.
2.0 centipoises or less at 2500.
140 0F. or higher, closed cup

(Tag or Pensky..Martens)
2% by volume or less
(A.S.TM. Test D-875.46T)

TBP may contain the following impurities introduced in the process
of its manufacture:

Impurity

Dibutyl phosphate (DBP)
Monobutyl phoaphate (MBP)
Phosphoc aci
Butanol

Chemical Formula

(n..9)2HPo
n.CjH*H 2P04
H3PO

90qH'

These impurities are also formed by hydrolysis of TBP in contact
with acid solutions, and in the presence of light when in contact with
neutral uranyl nitrate solutions. DBP and MBP are particularly delete-
rious to normal column operation,, ersely affecting fission.product
decontamin tton in the RA Column 1"), uranium stripping in e
RC Column 1), and the throughput capacity of the RC Column 22)*
Under the relatively mild conditions (rom temperature and 3 M or
lower nitric acid concentration) of the BP process, hydrolysTs
products are expected to be formed at a low rate, and the routine
reconditioning treatment in the RO Column should maintain the solvent
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sufficiently low in decomposition product content so that normal
column operation is not adversely affected. Chapter IV contains a
more complete 'discussion of TBP hydrolysis products and of the
deleterious effects of TBP hydrolysis products on uranium decontam..
ination and stripping.

The presence of TBP decomposition products is revealed by a
routine uranium distribution ratio (E) test performed on a sample
of the recovered solvent (R00) stream. The Ea test (see Chapter Xf
for details) is a determination of the uranium distribution between
organic and aqueous phases under the conditions of the dilute end ofthe RC Column. It serves as a qualitative measure of the' presence of
hydrolysis products. Removal of these hydrolysis products normally
consists of batch-washing increments of solvent diverted for the
purpose to the 276-U Building. Chemical washes which most effectively
remove the decomposition products are Na20), Na 2C03, and NaOH, Insome cases a recurrence of the need for batch washing may be avoidedby changing .the RO Column scrub (ROS) composition or flow rate.

The organic inventory is depleted during operation through twomechanisms: (a) TBP loss due to its slight solubility in the aqueousphase; and (b) TBP and diluent loss due to entrainment in the aqueousphase. These inherent organic losses are discussed in Subsections 03and D1 of this chapter.

B. PRETREATMENT

Fresh solvent is made up and pretreated batchwise according tothe procedures outlined in Subsection DI of this chapter. Afterblending of the TBP and hydrocarbon diluent, normal pretreatment
consists of washing the solvent with a sodium carbonate solution toremove traces of DBP and MBP and other acidic impurities. This
carbonate wash, five to ten weight per cent (0.5 M to 1.04 N Na 2C 3),neutralizes the remaining DBP and MP to their corresponding sodiumsalts, which are removed with the aqueous phase. Although TBPspecifications (presented in Section A, above) are such that the pros..once of detrimental concentrations of DBP and DBP in new TBP isunlikely, semi-works practice at Hanford Works has shown carbonatewashing to be a worthwhile precautionary measure. The uranium distri-bution coefficients of raw solvent show a significant improvementafter a two-hour, single-stage wash with 5 Na 2 00 3 (at an aqueous-to..organic volume ratio of about 1:6 to 1:3).

After the two-hour agitation period, the carbonate solution isdecanted to the cribs.

In addition to removing any TBP decomposition products fran thesolvent, the carbonate wash saturates the organic solution with water.Solubility data for water in TBP, hydrocarbon diluent, and TBP.hydrocarbon diluent solutions are presented in the following table(22):

aW DECtASSIFIED
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Solubility of Water in TBP. Hyd:.o arbon Diluent,

and TBP-ydrocarbon Diluent So liins at 2 0C.

3olubility of Water
Solvent / lt. 7

TBP .M 6.5
Hydrocarbon Diluent 3.0o <0.01
5% TBP.Hydrocarbon Diluent 054 0.07
15% TBP4ydrocarbon Diluent 2. 4 0.29
25% TBP.Jydrocarbon Diluent 5.8 0.69

C, SOLVENT RECOVERI

Processing of the solvent through the I) Ioltmn before recycling to
the TBP process has a two-fold purpose: ( ) t,) remove the decomposition

g= products of TBP from the solvent; and (b) o rnmove residual uranium
and fission products.

1.. TBF Decomposition Products

1.1 Formation

The TBP hydrolysis mech may be described in terms of the
following series of reactions :

3E HM 3M H1O3 3M f2lO3
(C 3H9)3PO4 (CGJ 9 )2UP% C 9o H3POE+CH 9oH

S(TBP) (IMP) ('a ?) (Butanol)

The controlling rate in this hydrolysis is tne TBP to DBP reaction. Data
showing hydrolysis rates for pure TBP at a 3:1 organic-to.aqueous phase
volume ratio are presented in the followin bales

Hydrolysis of TBP by 3M HN0 3 a 7600., and 1050C.

Ornani to.Lpeous Phase Vt me Ratio a 1:1

At 76 (20) At 1050C. (21)

Times % TBP rime. % TBP
-ays Decomosed -a Decomposed

a 0,00 0 0.00
9 0.07 6 0.7

16 0.28 8 1.3
19 0.49 13 1.3
25 0.7t,

th the reduction of the organic-to- nueous phasevolume ratio
to i:20i the hydrolysis of twe TBP is aa tkown in the following tablet

~ - if IED
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Hydrolysis of TBP by 3M HNO3 at 1050C.

Organic-to-Aqueous Phase Volume Ratio = 1:2ooC21)

Time (Days) % TBP Decomposed

0 0
6 60

13 95

Organic-to..aqueous phase volume ratios in the TBP Plant are expected
to range from approximately 1:1 in the RC Column and 1.67:1 in the
RA Column to 20:1 in the RO Column. The hydrolysis rates under
plant conditions should be lower than reported in the tables above,
due to the following factors:.

1. Temperatures are expected to be approximately 250C. in the
TBP Plant. (No hydrolysis rates have been determined
experimentally below 7600.)

2. Organic-to-aqueous phase volume ratios encountered in the
plant are either approximately 1:1 or even considerably
higher.

3. Dilution of TBP by a substantially inert diluent to 12.5
per cent (by volume) TBP is expected to reduce the rate by
as much as a factor of two or more.

In the course of a routine solvent-extraction cycl-e (involving no
reworking of off-standard material), the solvent incurs the following
conditions:

Estimated
Chemical Time of Contact, Approximate

Column Environment Hours Temperature

RA 2 to 3 M HNO 3  0.03 25 to 350C.
RC 0.01 to 0.1 11 HNO3 0.07 250C.
RO .0.4 1 a 2SO 4  0.03 2500.

The above table shows that the actual contact time of organic
with aqueous in the three columns is very small. The stability of
TBP under normal operating conditions has been demonstrated at the
Oak Ridge National Laboratory by recycling the solvent without
retreatment through ten continuous solvent.extraction cycles without
a significant loss of performance. However, the conditions encountered
during plant operation will determine the length of operation possible
before batch treatment of the solvent becomes necessary.

Concentration of aqueous solutions containing 3 M nitric acid and
0.5 per cent (by volume) TBP at 10500. has been shown to result in
sixty per cent hydrolysis of the TBP in six days and substantially
complete hydrolysis in thirteen days(21). In semi-works experience

DECLASSIFIED
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at Hanford Works it was found that, in addition to decomposition of the
dissolved TBP by hydrolysis, exposure of solventwaaturated aqueous process
solutions to elevated temperatures causes the formation of other decr..
position products of unknown composition and unpredictable behavior in the
solvent.extraction process, Because of these factors, off-standard waste
or product streams will be reworked without concentration. Although
washing aqueous solutions with hydrocarbon diluent has been found to be
effective in removing small amounts of TBP, equipnent is not provided in
the TBP Plant for hydrocarbon washing of aqueous solutions.

1.2 Effect on solvent-extraction

In the event that some decomposition products do enter the system,
it is expected that their effect will be momentary since they will
normally be removed through the RAW, RCU, and ROW streams A ( ariety
of agents may be used to wash the solvent in the RO Col;;; (13) (16),
where substantially all DBP and IMP should be removed. Subsequent batch
wash treatments of possible off.standard organic effluent from the

2 RO Column may be made with these same agents. Various washing agents and
their effects are discussed in greater detail later in this chapter
(Subsections C2 and 3).

The following table indicates the effect of small concentrations of
DBP in the solvent on RA Column decontamination. These data were secured
at Hanford Works by simple multistage laboratory contacts, One batch
contact was used to simulate the RA Column extraction section, and three
batch contacts using 3M HNO3 pre equilibrated with respect to UNH were
used to simulate the scrub section. The data show the magnitude of the
effect of DBP on decontamination, but should not be construed as showing
the degree of decontamination to be expected in the TBP Plant since
phosphate and sulfate ions were not present in the feed and because of the
great difference in fission..product analysis of this feed in comparison
with expected plant feed.

Effect of DBP on Decontamination (17Y

Organic: 12.5 volume % TBP in CCihi indicated DBP concentration
IAFS: 0.2 M UNH, 3 E HNO3 (prepared from 450 g./ton dissolver

solution, "cooled" 140 days)
Scrub- 3 1 HN3 pre-equilibrated with respect to uranium
Extractant:feed:scrub volume ratio: 10:3:2

RA Column DF
Vol. % G./L. DBP Gross Beta Gross Gama

0 0 3.2 x 105 8,7 x 104
0.01 0.1 5.7 x 103 760
0.1 1.0 80 8.7
1.0 10.0 33 2.8
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The above table shows that relatively small concentrations of
DBP in the solvent had a pronounced effect upon fission-product
removal in the simulated RA Column, where beta decontamination factors
were reduced 10,000-fold and gamma decontamination factors were
reduced 3Q,000fold as the DBP concentration increased from 0 to 10
g.1. Analyses for specific- fission products indicated that the
distribution and scrub behavior of cerium and ruthenium were unaffected
by these concentrations of DBP, At 0.01 and 0.1 per cent DBP, the
activity not removed by scrubbing was essentially all zirconium Y4le
at 1.0 per cent DBP, some niobium also remained in the organic.1

The data in the following table show the detrimental effects of
small amounts of DBP in the solvent on RC Column operation.

Effect of DBP on Uranium Distribution in the RC System (13)

Initial Aqueous

1 g./1. MI
1 g./l. UNH
1 g./l. .MH

Initial Organic

F, Uranium
Distribution Ratio,

(G./L. Org.)/(G./L.Aq.)

15% TB? in Deobase
15% TBP in Deobase + 0.2 g./1. DBP
15% TBP in Deobase + 1.0 g./1. DBP

0.002
1

21

The uranium distribution coefficient, Ea, in the dilute range is
increased about 1O,000..fold as the DBP concentration is increased from
0 to 1,o g./1., thus causing high uranium losses in the RC Column.
For a further discussion of the adverse effects of DBP and also of
MBP on RA and RO Column performance reference is made to Chapter IV.

* Solvent decomposition products other than MBP and DBP may be
formed from TBP under severe conditions of exposure to heat and nitric
acid. Decomposition products not fully identified but belieyed to
consist at least partly, of nitrated aromatic hydrocarbons (0-) wereformed In "cold" semi.works studies at Hanford in which solvent.
saturated RAW and RCU streams- were repeatedly concentrated by evapora.
tion, combined. or separately,, for reuse as RAFS, the concentration..
reuse cycle being repeated ten times or more. These decomposition
products, which may be present in both aqueous and organic solutions,
result in increased Ea values and thus higher RC Column losses. Washing
contaminated solvent with water, 10% H3P0 4 , 5% Na 2 003 , 8% H2S0410% and 5A Na 2SOh4 acid-dichromate, or oxalic acid failed to reduce ER
to less than 0.05. Consequently the semi.works solutions contaminated
by these decomposition products were discarded. (The decomposition
products were referred to as "red oil" because of their red or reddish.
brown color.> It should be noted that the formation of these impurities
took place under more extreme conditions of temperature and nitric acid
concentration than, are expected to be encountered in the TB? Plant.

JE~S1FE
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2. Removal of TBP Decomposition Products

The removal of DBP and MBP from TBP-hydrocarbon diluent solutions of
approx4atR .RAX composition has been studied in the laboratory at Hanford
Works. (21 The RAX was 15 volume per cent TBP in Amsco 125-90? hydrocarbon,
spiked in one case with MBP to 1 g./1. and in the other with DBP to 1 g./l.
Test washings were made with equal volumes of aqueous wash and of spiked
organic solutions followed by determination of the uranium Ea by equili.
bration with an equal volume of 1 g./l. UNH solution. The data are
presented in the following table:

Removal Efficiency of Various Aqueous Solutions
For Separation of MBP and DBP From RAX (21)

E[ (UNH at 1 g./1.) after Scrubbing
Scrubbing Agent 1 g,/, IMP Spike 1 g./l. DBP Spike

10% NaOH o.ooo6 0.0001,
10% H3POU 0.0170 4.5
10% Na2SO4 0.0020 0.28
10% Na 2 003 - 0.0008

H-20 0.0030 o.55
No Spike 0.002 0.002
No Scrub - 21

Additional testing with DBP alone establishe that 10 g./1. D3P was
removed by one wash with 10 per cent Na 2 003 or NaOI and that 10 g./l.
DBP plus 24 g./l. UNH was removed by one 10% Na2CO3 wash.

Tests carried out in the laboratory on semi-works contaminated
solvent were not successful in restoring solvent E.g values to fresh
solvent values (Eg 5 0.001). Wash solutions used were Na 2 003 NaOH,
Na 2 0r2 o7, Na2SO4, Na3P0, Ha2HPOh, NaH2P4, H3P 0 , H280, Al(N0 3 )3 , and
HNO3 . Na2SO washes were most effective in improving the Es, but did not
reduce the E- value below approximately 0.02. However, solvent treatment
investigations during Purex studies using 30 volume per cent TBP indicated
5 per cent Na 2CO3 solutions to be the most effective wash. No reason for
this difference nas been established.

Washing of solvent in 1500 to 2500-gallon batches in the Hanford
321 Building Semi.Works using wash solutions found to be most effective in
the laboratory was not successful in reducing Ea values for contaminated
solvent to less than 0.05. However, when new solutions, both aqueous, and
organic, were made up and used with no recycling to the system of any
material other than Stoddard Solvent-washed RCU and Na 2 SOa-washed RCW,
the EO indicated no build-up of decomposition products.

3. RO Column

Solvent from the extraction cycles (RCW streams) is continuously and
counter-currently scrubbed in the 1'O Columns, one for each of the two

DECLASSIFIEDS
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parallel olvent-extr action processing lines. The nominal ratio of
scrub to solvent is one volume to twenty volumes. Semi-works
practice has shown that solvent reconditioning is improved as the aqueous.
to-organic flow ratio is increased. However, a one-to-twenty ratio
(aqueous to organic) is expected to be adequate for routine use.
Subsection 02 shows that sodium hydroxide, sodium sulfate, and sodium
carbonate wash solutions effectively remove impurities from the
solvent. Of thesesodium hydroxide is the most effective but has the
undesirable property of precipitating uranium which may cause plugging
of the column. Consequently, sodium sulfate is used in the plant.
Although sodium carbonate would react with slightly acidic RCW to
evolve carbon dioxide, this would not be a problem unless the gas
volume became great enough to cause flooding of the column. Although
the relative effectiveness of sodium sulfate and sodium carbonate
is not clearly defined, semi-works experience indicated that sodium
sulfate is apparently a better wash solution for the TBP process
solvent and that sodium carbonate is better for the more concentrated
Purex type solvent (30 volume per cent TBP),

When the plant operates at an instantaneous uranium processing
rate of 10 tons/day (5 tons/day in each recovery line), the RO
Columns (twenty-two inches in diameter) are operated at a jolume
velocity of approximately 800 gal./(hr.)(sq.ft.), sum of both phases.
The actual flooding capacity of the RO Column has not been determined.
However, based on the assumption that RO and RC-type packed columns
flood at approximately the same operating conditions, the above
volume velocity is less than fifty per cent of the fj gding capacity
of the column when packed with 1-inch Raschig rings. Under these
conditions H.T.U. values obtained during uranium extraction studies in
the RO Column using various scrub solutio s 5 ave beln found to range
from approximately four feet to ten feet, 11) (lu (l5)

4. Retreatment

During normal operation of the TBP Plant (no aqueous wastes being
recycled), continuous treatment of the solvent in the RO Column is
expected to give a recycled solvent sufficiently free of TBP decomposi-
tion products, residual uranium, and fission products. Therefore, the
solvent is normally returned to the RAX Feed Tank, 18-6 or 20-6, without
further treatment. However, a routine sample of the solvent is taken and
analyzed for per cent TBP and acidity, and the uranium distribution
coefficient, Ea, is determined.C9) If the routine analyses of the
solvent indicate an accumulation of impurities, retreatment is necessary
before returning the solvent to the process.

Organic sses are estimated as the sum of the losses by two
mechanisms.

..iDECLASSIFIED W
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Gallons per 10 Tons U

Iviecha;i .. TB Hydrocarbon

Solution in aqueous 7.5 Negligible
Entrained in aqueous 30 210
Total 37.7 210

Data indicating the sol biity of TBP in aqueous solutions are presented
in the following table: 22

Solubility of TBP (FBom 16.6 Volume Per Cent TBP
in Amsco 125-90W) in Aqueous Solutions

Solubility,
Aqueous Phase G,/L. TBP at 25FC

Water 0.24
0.2 x UmH,o.o6 .HNO3  0.17
0.3 7 HN03  0.17
2 M th]H 0.01
RA9 0.0097

) RAW composition: 2;6M HNOp 1 .96L NaNO3 , 0.2ai Na 2S0 4 ,0.21 Na3PO4, 0.03L 4HLNO3,, o.o2j FeCd 3 , 0.03M NH 2SO2OH*
Based on data from the above tables, the TBP concentration in the solvent
requires. adjustment approximately every twenty days (assuming operation
between the limits 12.5t0.5%), at which time the necessary butt can be
made to the ROO Receivers, TK-18-l and 20-1, or the RAI Feed Tanks,
18-6 and 20.6; or the solvent can be diverted to the Organic Treatment
Building (276..U) where the necessary TB? addition is made.

Accumulation of impurities in the solvent is indicated by a high
uranium distribution ratio, E0 * A value greater than 0.01 is indicative
of poor solvent, and the need for additional treatment is indicated.
Retreatment of off-standard solvent is carried out in a batchwise operation
in the Organic Treatment Building, 276..U, where washing is designed to
remove the impurities and to improve the uranium distribution coefficient,
Ea. Wash solutions that may be employed in the retreatment of off-standard
solvent are those that have been discussed in connection with the RO Column
in Subsection C2, above.

In the washing operations, adequate time and good agitation are both
essential for sufficient contact of the solvent with the washing agent.
Thirty to sixtyminute agitation periods provide thorough mixing of the
two phases, after which the aqueous phase containing solvent impurities
and residual uranium and fission products is decanted to the cribs. The
solvent is swamled to determine the effectiveness of the chemical treat-
ment, thus indicating whether or not additional washing is necessary before
returning the solvent to the process.

DECLASSIFIED a
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1. Normal Procedure

1.1 Pretreatment

Fresh solvent is added to the system when the normal solvent
inventory of approximately 20,000 gallons drops to approximately
1.4,000 gallons. Based on the assumption that routine retreatment is
not necessary and disregarding TBP concentration adjustment which
must be made approximately every twenty days, solvent losses to process
wastes are expected to be approximately A gallons (40 gallons of
TBP and 210 gallons of 'diluent) per day which drops the inventory
to 14,000 gallons in approximately three weeks. Figure X-1 is an
engineer's flow sketch of the organic treatment facilities where
fresh solvent is added. A batch of 10,000 gallons of solvent is made
up and pretreated according to the procedures described below,
prior to its introduction to the system:

(a) 8750 gallons of hydrocarbon diluent is pumped into the RAX
Blend Tank, 382 (working volume 13,000 gallons), from the
Diluent Storage Tank, 380 (working volume 25,000 gallons),

(b) While agitating the hydrocarbon diluent, 1250 gallons of
TBP is added from the TBP Storage Tank, 381 (working volume
4800 gallons).

(c) The solvent is agitated for two haurs to obtain thorough
mixing of the two components.

(d) At the completion of the agitation period, the solvent is
jetted into the Organic Treatment Tank, 386 (working volume
13,000 gallons), where it is agitated with 2000 gallons of
five to ten per cent sodium carbonate solution for two hours.

(e) Decantation is effected by pumping the solution through the
Water Separator, SP-385, which directs the solvent to the
RAX Blend Tank, 382, and the wash solution to the Organic
Treatment Sampler Tank, 388 (working volume 2000 gallons),
whence it is pumped to the 216-If Crib.

(f) A sample of the solvent is taken and analyzed for per cent
TBP, after which (provided the TBP concentration is within
specifications) the solvent is suitable for use in the TBP
process,

1,2 Solvent recovery

A schematic diagram of the RO Solvent Washing Column System
appears on the engineer's flow sketch in Chapter VI. Solvent from
each solvent-extraction column (i.e., RCW) flows at 33 gallons per

1111111XV1. aDECLASSIFIED "
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minute into the bottom of each RO Column where it is contacted counter.
currently with the scrub solution, ROS. The scrub solution of 5 per
cent (0.Iti) Na2SO4 is fTd to the top of the column at 1.6 gallons per
minute from the ROS Head Tank, 202 (holdup time 17 hours with both
RO Columns operating) by gravity flow through a diaphragm valve. The
aqueous effluent, ROW, leaves the bottom of the column through a dia-
phragm-operated valve remotely controlled by the interface recorder-
controller and flows to the ROV; Receiver, TK..18.3 (and 20-3)(working
volume 1350 gallons). Provisions are made for sampling this tank, from
which the solution is pumped continuously into the Pooled RAW..ROW Receiver,
TK-13-6 (working volume 12,000 gallons).

The scrubbed organic, ROO, leaves the top o2 the RO Column and
flows into the RO Receiver, TC-l8.. (and 20-1) (working volume 4500
gallons). Normally, a routine sample is taken of the solvent while it
is in Tank 18-1 (and 20-1), from which it is pumped continuously into
the RAX Feed Tank, 18-6 (and 20-6) (working volume 12,000 gallons).

2. Remedy of Off-Standard Conditions
r

2.1 General

Two methods are provided routinely for detection of off-standard
operating conditions: 4 determinations, and measurement of residual
radioactivity. Disengagement time determinations are secured when column
operation (RA or RC) gives evidence of lowered flooding capacity, or
when solids are present in the ROO. Remedial treatment should be con-
sidured when limits indicated in the following table are exceeded:

Ea (See Chapter XX) 0.01
Residual activity 200 counts/(min.)(ml.)
Disengagement time:

RA 50 seconds
RC 70 seconds

A radiation recorder is installed on the ROO Receiver, TK.18..1
(and 20-1). Normally, the radiation level of the scrubbed solvent ROO
cannot be distinguished from "background" (natural radiation levelj.
However, in the event that radiation is detected, an investigation of
the entire process should- be made to determine the location and cause of
improper operation. If the solvent contains a significant amount of
radioactive materials, i.e., more than 200 counts/(min.)(ml.), it may
be washed in Bldg. 276..U until the radioactive materials are removed.

In the case of solvent containing relatively small amounts of radio-
activity, the solvent is jetted from the ROO Receiver, TK-18-1 (and 20-1)
to the Organic Receiver, 387 (working volume 13,000 gallons) in the
Organic Treatment Building (276-U), where it undergoes batch chemical
treatment as discussed in Subsection 03, above,

DECLASSIFIED



DECLASSIFIED
In the extremely unlikely event of obtaining EO Column organiceffluent which is too high in fission-product radioactivity to allow

processing in the Organic Treatment Building (276-U), solvent treat-
ment can be effected in the extraction battery. This necessitates
interrupting the flow of uranium feed solution, RAF, to the columns forseveral hours during which time the solvent can be purged of fissionproducts by recycling through the system. If necessary, furthertreatment can be- administered by shutting down the column battery andwashing the solvent in the RAX Feed Tank, 18.6 (and 20-6), afterwhich the solvent (along with the wash solution) can be processed inthe extraction columns for phase separation and additional scrubbingaction.

The second method for detection of off-standard conditions involvesthe routine sampling and analyses of the recovered solvent as it passesthrough the ROO Receiver, 18-1 (and 20-1). Normally, the uraniumdistribution coefficient, Ea, and the per cent TBP are dqtermined onceper day, and the acidity is determined twice per week. When theseanalyses indicate an excessive accumulation of impurities, (see limitstabulated above) the solvent is retreated. Although such a conditionis extremely unlikely, solvent may be unsatisfactory for use evenafter repeated retreatment; a condition which would necessitatedisposal of the used solvent and replacement wibh fresh solvent. Nofacilities are provided in the TBP Plant for the disposal of largequantities of solvent. However, pumping facilities are provided at theOrganic Treatment Sampler Tank, 388, for the removal of used solvent tofifty-five gallon storage drums or other containers that may beprovided for the purpose until facilities for disposal (e.g., buryingor burning) could be provided.

2.2 TBP concentration adustment

Due to unequal losses of TBP and of diluent in the process (dis-cussed in Subsection C4, above) the TBP concentration in the solventwill require periodic adjustment, The frequency with which suchadjustments must be made is a function of the TBP concentration limitswithin which satisfactory operation of the plant is found possible, asindicated in the following table:

TBP Concentration Limits, Approx. Frequency of TBPVol. Per Cent Concentration Adustnent

12.5 t 0.5 Every 20 days
12.5 ! 1.0 Every ho days
12.5 t 2.0* Every 80 days

Solvent phase volume losses, due to entrainment, may reduce theplant inventory of solvent to an impractically low level beforeTB? concentration changes reach these limits.
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The procedure described below applies to batchwise adjustment of

the TBP concentration in the Organic Treatment Building (276-U) combined

with a sodium carbonate wash to remove the acid phosphates and other acidic

impurities from the fresh TBP. (It is possible to reduce the frequency

of such adjustments, or possibly even eliminate them altogether, by com.

bining the TBP concentration adjustment with fresh solvent make-up.)

(a) The solvent is jetted from the ROO Receivers, 18-1 and 20-1,
to the- Organic Receiver, 387, in 10,000-gallon batches.

(Solvent may be jetted from the RAZ Feed Tanks, 18.6 and

20-6, simultaneously, if desired.)

(b) The solvent is sampled and then jetted to the Organic Treatment

Tank, 386, and pumped from the Organic Treatment Tank to the

RAX Blend Tank, 382, bypassing the Water Separator, SP-385.

(c) The necessary amount of TBP is added to the RAX Blend Tank,

382, from the TBP Storage Tank, 381, directly or through Weigh

Tank L-276-B, and the solution is agitated for thirty minutes.

(d) 2000 gallons of sodium carbonate wash solution is added to 
the

Organic Treatment Tank, 386.

(e) The solvent in the RAX Blend Tank, 382, is then jetted to the

Organic Treatment Tank, 386, and agitated for thirty minutes.

(f) Separation of the wash solution present is accomplibeed by

pumping the solvent through the Water Separator, SP-395,
which directs the solvent to the RAX Blend Tank, 382, and

the wash solution to the Organic Treatment Sampler Tank, 388.

(g) Following the agitation period, the solvent is sampled and

returned to the RAX Feed Tanks, 16-.6 and 20-6.

2.3 Batch chemical treatment

The retreatment procedure described below applies to the batch
chemical treatment of off-standard RO Column organic effluent. Reference

should again be made to the schematic diagram of the organic treatment

facilities on Figure X.-.

(a) 2000 gallons of wash solution (Na 2 003 , Na2SOh, or other) is

added to the Organic Treatment Tank, 386.

(b) A batch of 10,000 gallons of solvent is jetted from the ROO
Receivers, 18-1 and 20-1, to the Organic Receiver, 387.

(c) The solvent is then jetted into the Organic Treatment Tank,
386, where it is agitated with the wash solution for thirty
minutes.
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(d) Decantation is effected by D e siIEDWater Separator in the Solution through the
R S Blend Tank SP385, which directs the solvent to the
TABend ank 382, and the wash solution to the OrganicTreatment Sampler Tank, 388, from where it is pumped tothe 216-WR Crib.

(e) A sample of the solvent is taken and the uranium distribution
coefficient, E under dilute RC Column conditions, riutern
mined (by the method described in Chapter d). An EO valueequal to or less than 0.01 is indicative of solvent suitablefor use in the TBP process.
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PART II: PROCESS, continued
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CHAPTER XII. WASTE TrFATMEn' AND DISPOSAL

A. ITOflUCTION

The radioactive wastes from the Uranium Recovery Plant are treatedand disposed of so that they do not cause a hazardous Pollution of the en-virons of the Hanford Works. Liquid wastes which contain appreciable qan-tities of radioactivity are concentrated and stored in large undergroundtanks. Liquid wastes containing only trace quantities of radioactivity arediscarded into cribs from which the water percolates into the ground withthe accompanying adsorption of radioactive materials by the soil. Processcooling water and steam condensate, which should not be contaminated, arerouted through retention basins and monitored before being discharged to aditch from which it seeps into the ground or is evaporated. Gaseous wastesare treated to remove particulate matter and are discharged to the atmos-phere from stacks. Since these facilities were designed to handle onlaged material (2-year-old or older, see Chapter I) from which the il3'1(8-day halftlife) has essentially completely decayed out, no measures arerequired to control the discharge of that short-lived volatile fission pro-duct. (1131 is present in negligible amounts even in material aged only 6months.)

The following table delineates the problem of liquid waste disposal.It is based on the recovery of ten tons of uranium per day by the TBP ProcessChemical Flowtheet TBP-EW No. 4 and the conversion of 13-1/8 tons of uraniumper day from the nitrate to the oxide.

Liqaid Wstes
(Based on 10 Tons U/Day from Stored Waste)

Source of Waste Galuy
Main Process:
Neutralized concen- 32,750
trated RAW, ROW
Condensates 129,500

Solvent Treatment
Cooling water and 4,500,000
steam condensate

Miscellaneous Drainage:
Regulated areas
Non-regulated areas
Sanitary wastes

Approx.
Radioactivity Estimated

level, Pu Content,

6,000(a) to 20
65 00C(b)
Ox.0 ) to 10-4

t3 o 
No normal flaw

0 to 10-7 Trace

No normal flaw
No normal flaw

Notes: (a) For 7-year-old 200-Mw.-day/ton waste.
(b) For 2-year-old 4 00-Mw.-day/ton waste.

Disposal

Method

Underground
Storage

216-ER, 216-WR
Condensate Cribs
216-U Cribs

Open Ditch via
Retention Basin

216-U Cribs
Open Ditch

Septic Tank and
Tile Field
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The radioactive wastes returned from the TBP process to the underground

tanks for storage occupy t to 100 per cent of the volume originally occupied

by the stored B1P0 4 process first extraction cycle uranium wastes, depending

on the TBP floawsheet in use and on the freezing point to which the wastes may

in practice be concentrated.

The gaseous wastes from the Uranium Recovery Plant are itemized in -the .

following table, together with pertinent information concerning their disposal.

Ge.Ous Wastes

-(Based on 10 Tons U/Day from Stored Waste)

Source of Waste

gquipMEnt Vents

1. 203-U Storage Tanks,
221-U and 224-U (C-2
Tank only) Building
.vessels

2. 221-U Building
condensers

3. 224-U Building
condensers

4. 224-U 40% N03 Absorber
5. 224-U Building vacuum
6. 241-WR Diversion Vault

("hot" vessels)
7. 244-r , P, TR, Tm

Process Tank Vault
vessels

Ventilation Air

8. 221-U Building
(includes items 1,
2, 6, 7)

9. 224-U Building
10. 241-WE Diversion

Vault ("hot" side)
(includes item 6)

11. 241-WE Diversion Vault
("cold" side)

12. 244-mm, R, TXRP, UT
Process Tank Vaults.
(includes item 7)

Approximate
Peak Bate,
Cu.Ft ./din.,

S.T.P.

200

50

200

200
7500

0.5

335

39,400

57,750
3400

Estimated
Radioactivity,
Total Curies

Per Day(a)

0.1

0 .01

(b)

(b)
(b)
0.002

0.1

40.15

(b)
0.002

4150

3300

Disposal Method

291-U ventilation Stack

291-U Ventilation Stack

Roof jet

Roof jet
Roof fan(d)
291-U Ventilation Stack

291-MyB CR, TXR, TM
Ventilation Stacks(c)

291-U Ventilation Stack(S)

9 roof fans
291-U Ventilation Stack

291WE Ventilation Stack

291-mrn, CR, TIE M
Ventilation Stacksc)

Notes: (a) These activities are expressed as "countable" curies as

defined in Chapter II. They are based n the entrainment

of one pound of process solution per 10 pounds of gas

passing through that solution, or one pound of solution
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(b)

(d)

par 165 Pounds of gas paesing through a process solutioland, a deentrajamnt coltmmn.
The beta-gammi radioactivity from this source is inci-dental, the quantity of U03 dust in the effluent airbeing the controlling factor. A concentration of 10-6pounds of U03 per cubic foot of air is permissible forProlonged exposure.

After filtration through Fiberglas.
After filtration through wool cloth and Fiberglas.

(0) After filtration through ,and.

B. PROCESS LIQUID WASTES

1. High-Activity Wastes

1.1 Definition of the problem

Pertinent approxiate data for the high-activity liquid wastes from thetreniu recovery Process are listed below.

Iigh-Actjvjty Liquid Wastes
Basis: 10 Tons U/Day from Stored Waste

TBP-HW No. 4 Flowsheet
2-Tear-.Od 200-Mw.-Day/'on Material

Volume, gal./day
Specific Gravity @ 25-0.
Crystallization Temp., *O.
(excluding diurnates andhydroxides)

Approximate Activity
Beta curies/l.
Canm curisel.

Pu, grams/day
U, Pounds/day

Components, pounds per day

N 4

NaHS
lqalS (b)
Fe ()O ) (b)
FG(CH)?t
NH2SOi b)
HR40H (b)

- AW Row(&)

54,5oo 4oo
1.21 1.05
410 <10

2,0
0.8
20

200

7930

52,030
100,220

9710

2210

1510

10-5
0
200

50

2040
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C=1
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C-

Neut.
Wastes
66,200

1.12

14

1
20

4oo

13,270

170,760

11,940

830

1100

Conc.

Wastes
32,750

1.4o
30

3.4
1.2

20400

13,270

170,7603

.11,940

830
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Neut. Con.

RAW ROW(a) Wastes Wastes

377,400 38,400 485,370 249,120

NaC24 0 -140 ""40

TBP (in solution) 45 4100 50

TBP (entrained) 50
Diluent (in solution) <0.5 0.05 <380 <1

Dliluent (entrained) 350 < 30J

Notes: (a) The ROW composition is not certain at the time of

writing, and may alternatively contain carbonate,
sulfate, or phosphate ion, or combinations of these

ions.

(b) The conversion of ferrous ion to ferric ion takes

place slowly prior to concentration and rapidly during

zr concentration. The hydrolysis of sulfamcts takes place

slowly prior to neutralization and ceases with neutreli-

zation. For- simplicity, the intermediate steps are not

shown here.

1.2 Technical and process background

The large volumes of aqueous wastes from the uranium recovery process

contain considerable quyntities of radioativity as described above. Since

tie radioactivity must be conf ined indefinitely, economic considerationsf

require that the volume of such wastes be kept to a minimum. Concentration

of the waste solutions by evaporation is used to attain this end.

1.21 Solvent removal from wastes

As indicated under B1.1, above, about half of the TBP and nearly all

of the diluent are steam stripped from the aqueous waste during cancen-

tration. The stripped TBP and diluent are routed to the cribs with the

condensates.* This removal is incidental and is not required by process or

safety considerations. The diluent and TBP are distilled with virtually

no chemical change, and the TBP remaining with the concentrated waste

undergoes only sigt h 0sis to dibutyl phosphate, monobutyl phosphate,

and sodium phosphate. 13)

1.22 NeutralizatiOn

Prior to storage in the underground tanks, the aqueous wastes are

neutralized to a pH greater than 9.5 to minimize corrosion of the mild

steel tank liners. The neutralization ie accomplished by the addition

of 50 sodium hydroxide, each volume of RAW requiring 0.124 volume of

50 NaOH for neutralization to a pH of 9.5 (see Figure X11-1). As indi-

cated under 1.23,.below, some ammonia is evolved during concentration.

Hence additional 50 NaCH is added (0.002 to 0.004 volume for each volume

of waste), to carry the pH to at least 11.0, thereby assuring that the
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pH after concentration will be 9.5 or greater. The heat of neutralization
rise of about 6 .F . per glon of RAW, corresponding to a temperature
prior to concentration. This heat serves to preheat the waste solution

The mjor components of the RAW are neutralized according to thefollowing reactions:

(1) no3 + NaC - NaNO3 + H2 0
(2) NaHSo 4 + Neg - Na 2S0 4 + IV

(3) H3PO + 2latH - Na2Hpo 4 + 2E2o

or

(4) H3Po4 + 31t0 -- +Na3 PO4 +

In the neutralization of phosphoric acid the relative prevalence of thereactions (3) and (4) depends on the IZ of the solution, the neutralize.tion proceeding entirely by reaction (3) at a H of 7 nd 50 by reaction
(4) at a pE of 9 (as indicated by the gentle breaks in the curve in
Figure Ut-i). Any ferrous ion reaching the neutralizer is precipitatedas a white flocculent or a black crystallne mterial according to thereactions:

(5) Fe(DE1 )2 (SO4 )2 + 4NaOH -- Fe(C) 2 + 2Na2SO4 + 2lHaff
(6) 3Fe(OH) 2 - Fe 3 04 + H2 + 2H20

However, the ferrous ion is partially dir-oxidized to ferric ion in theRA system and subsequent steps, the ferric ion being precipitated accordingto the reaction:

(7) Fe(NO3 )3 + H3 PO4 + 3NaOH -- FeP% + 3NaNo3 + 3E2 0
The Fe304 is slowly air oxidized to the ferrie precipitate by the reaction:

(8) 4Fe304 + 02 + 2Na 3 PO4 + laE20 - 12FeP0 4 + 36NaoE
The Sulfamic acid is neutralized to sodium sulfamate by the simplereaction:

(9) ME2S03H + NaH NH,'S0 3 Na + E20
Prior to neutralization, some of the sulfamic acid is hydrolyzed by thereaction:

(10) NE2S03H + H20 -- NH 4HS0 4
This reaction ceases as the ;H is raised above 7, and the acid sulfate
is neutralized by the reaction:

DECLASIFE
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(11) q 4ES04 + 2NaiO - Na 2 qj 14 + NE4 0 E + H2 0

1.23 Concentration

The waste is concentrated to minizmize the volume which must be stored

underground. The concentration is carried out continuously in Sections 9

and 10 of 221-U Building. As indicated under Bl.1, the wastes are con-

centrated to about one half the original volume (in the TBP-W No. 5

Flowsheet, the waste is concentrated to about one-third volume, the con-

centrated material having about the same volume as the TBP-.W No. 4 waste

concentrate).

The degree of concentration attainable in plant practice is determined

by the physical properties of the concentrate. These properties, in turn,

are determined partially by the minimum temperature at which the concen-

trate is handled. Some pertinent physical properties of TBP waste concen-

trates are given below.(7)(9)(16)

Characteristics of Neutralized Waste Solutions

Basis: TBP.EW No. 4 Flowsheet

Volume Density Volume % of
1of of Boiling Saturation G.ftl. at Suspended

Neut. Undergro Point, (or Freezing Freezing solids at

Waste(a) Storag b 0C. P nt, *C. Point 25aC.

100 171 102 15 1.2

77 131 104 18 1.24
61 104 106 26 1.34 20

53 94 108 29 1.34 23
48 82 110.5 34 1.36 25
45 75 - 36 --

43.5 74 112.5 39 1.40 33
43 73.5 -- 50
42.5 72.5 -- 80 73

Notes: (a) This volume includes the ROW.

(b) This value is referred to the corresponding volume of

bismuth phosphate uranium waste stored underground

prior to the start of uranium recovery.

(c) These values are based on an original pH of 11.8 for

the neutralized waste, excluding the ROW. Tripling
the concentration of the sulfate ion raises the

saturation point from 36* to 380C. at a volume equiva-

lent to 45% of the total neutralized waste. The ROW

(TBP-.W No. 4 Flowsheet) will contribute sulfate ion

equivalent to about 13 of that present in the PAW.
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Chemical changes occurring during concentration in0lude the oxida-tion of iron (discussed under B1.22) and the evolution of Ammonia. Inthe neutralized waste solution, ammonia is present in the following setof states at equilibrium:

ASIi Mv

vapor disslved -E0 NE4' + cNf-

At the low tempert encountered prior to concentration, the equi-librium is predominantiy to the right, and the vapor pressure of ammoniaover the waste solution is low. During concentration, however, almostall of the dissolved NH is vaporized. The resulting shift of the equi-libriui to the left strips the ernia almost completely from the boilingsolution. The amonia vapor, with the water vapor, passes through thedeentrairmnt column to the condenser, where part of it condenses withthe condensate. The quantity of amonia escaping to the vent systemdepends minly upon the temperature of the condensate and the volume ofair (from bubbler lines and leakage) leaving the condenser. In a reason-ably tight equipment installation. nearly all of the amndona 7saves thesystem in the condensate.

1.2. Disposal

lire The concentrted wastes are cooled to about 1800F. to prolong thelif m sbsequent pumps and agitators. Additional cooling of the con-centrated wastes is not desirable since it increases pumping problems(slurry formation at temperatures below the saturaston point) or storagecost& (decreased solubility necessitating lesas concentration or sub-sequent dilution to larger volumes). The cooled concentrate is pumpedvia the Concentrated Waste Receiver to the Waste PIMP Tank, 24-Wteoa.The waste is then routed to undergro storage tank , through the gridof buried pipe lines.

Tbh slurry obtained by cooling a concentrated waste below its satu..ratio temperatr tends, to plug a pipe transporting that slurry inviscous flow. In turbulent flow,, however., the slurry does -not settleso readily, and it may be fount feasible to return the waste concentrateto the undergrouncl tank fan as: a slurry.

Ithe vo, rnge of 7% to 10% of the original uranium wastevolams a slurrYof 20 to 30 per cent solids is obtained at 8o'w. Thisame sstm e very little solids at 1006. (See table under B1.23,above) The provision, at facilties for keeping the waste concentrateabte 100y duing transit thus decreases either the solids content ofthe' slurr being transferred, or the volume required to deliver tintwaste as a solution. The interaree Pipe encasemdnt is Supplied withadditional heat to compensate for losses to the ground by routing hotcondensate to thr 200 kst Area Crib, 216-.R, the condensate being sub-,cooled as little as- operationally feasible., thec ons in g thatwaste can be delivered to the 200 East Area at temperaturs above loop
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1.25 Conditions in undergound tanks DECLASSIFI

Since radioctivity is being returned to the ground in essentially

the same volume with which it was associated prior to uranium recOrY,

it is anticipated that the time-temperature curves for the tank contents

will be essentially unchanged by the removal of the uranim.o (See Chapter

II for further information.) As in the past, the concentration of fission

products is expected to be the highest in the first tank of a cascade, the

scavenging action of the uranium precipitate being replaced by the scavenging

action of the ferric hydroxide in the. ate.

1.26 Nitric acid recovery from PAW

A method of decreasing the volue of wastes to be storad by the re-

covery of nitric acid from the RAW appeared attractive during mrP process

development e, and plans were originally made to recover nitric acid.

This processt consists briefly of the following stepst

(a.) Concentration of the RAW to about 20 per cent of its original
volumervith the vaporization of essentially all of the nitric

acid present.

(b) Dilution of the concentrate from step (a) to porit n6utrali-

zotion and storage by normal methods.

(c) ?rectionation of the vapors from step (a) to yield 60% nitric

e id for re-use and water condensate (pH> 2) for cribbing.

However, the presence of chloride ion, introduced with the commercial

grade caustic soda used in neutralizing the fliPO4 process uranlium waste,

would have resulted in excessive corrosion in the concentrator and fflO-z

fractiolating tower rticularly for stainless steel equipment exposed

to the vapor phase.a) A review of the problem revealed no demontrated,

feasible method of removing the chloride ion.(8)( f) Materials of con-

struction capable of withstanding the corrosiveness of the process materials

(i.e., tantalum or ceramics) were expensive or difficult to fabricate.

Consequently, the HN0 3 recovery process was abandoned. In the event tat

long-term operation of the TEP Plant in conjunction with the BiON4 Process

proves desirable, the installation of this acid recovery process may prove

justified.

1.3 Underground storage facilities

The storage facilities currently containing uranium waste solutions

will be used to contain the high-8ctivitY wastes from the uranium recovery

process. For a description of these facilities reference is made to

Chapter XIII.

2. Low-Activity Wastes

2.1 Definition of the problem

The following table lists pertinent 
information concerning the low
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activity wastes anticipeted from the operation of the uranium recovery
and calcination operations.

Low-Activity Liquid Wastes

(Based on- 10 Tons U/fDay from Stored Waste and 3-1/8
Tons U/Day from Redox; TBP-W No. 4 Flowsheet)

Approx.
Volume,

Gal./Day

Estimted
Radioactiv-
ity Level,
Curies/Gal.

Estimated
Pu Content,
AG./Gal.

Condensates
from cono. of:

Feed

Waste

26,000 2 x 106
28,400 2 x 10-6

Product LM 75,000
Total 229,400

Solvent washes
Bldg. drainage

221-U Bldg.
224-U Bldg.
291-U Ventila-
tion Stack

241-WE Diver-
sion Vault

10-9

2 x 10-3
2 x 1o-3

10-5

No normal flow

No normal flow
No normal flow
No normal flow

No normal flow

<150 lb. M703
550-1100 lb.
1E40E

<1400 lb. HNO3
216-ER, WR
Condensate
Cribs

216-U Cribs

216-U Cribs
216-U Cribs
216-U Cribs

Process vessels

2.2 Technical background

For a discussion of the technical background involved in the cribbing
of low-ectivity waste, the reader is referred to the Bedox Technical
Manual, (10) Chapter I, Section 2.2.

2.21 Deentrainment

The concentrator units are designed to deliver condensate containing
no more than one pound of concentrate per million pounds of condensate,
provided the operating rates of the units do not exceed those listed
below.(2)(3)(15) As the operating rate exceeds these design values by a
factor to be determined in operation, the entrainment may be expected to
increase as the gas velocities in the tower approach their loading rates.

The operating rates under which a deentraino nt factor of 106 is
anticipated in the various units are based on a superficial gas velocity

DECLASSIFIED
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of 1.5 feet per second in the deentrainment tower. Thin corresponds to
the capacities noted below.

Operating Capacity for
Designed Deentrainment of 106

Uranium
Ton/Day

Deentrainment Condensate, TBP-W No. 4
Concentrator Medium Lb. r. Flovsheet

Feed Bubble-cop colum 9350 10.3
Waste York wire mash 9350 9.0
UN Bubble-cap column 10,6---

The Uranium Product Concentrators are normally operated at rates 5 %
higher than those noted above and a deentrainment factor of about 105 is
anticipated for these units.(i) This lower deentrainment is acceptable
since adequate decontamination with respect to fission products and pluto-
nium has been established prior to this concentration, and the uranium
tolerance in the condensate will probably be set at 0.01 to 1.0 g./1.
(corresponding to a deentrainment factor of io3 to 105).

2.22 pH control of condensates

The condensates from the Feed 'Concentrators (see Chapter III) and the
UN concentration (see Chapter VII) contain some acid: 0.01 M or lass.
The condensate from the waste concentrator- will contain up to 1/8 M ammo-
nium hydroxide (see Bi.23 above). While the combined condensates leaving
the 241-Wa Vault will norrmlly be sufficiantly allaline (pH greater then 51
to prevent soil leaching and consequent undesirable channeling of the
cribbed liquid, condensates nqde during periods of inactivity of the Waste
Concentrators will be too acid for safe cribbing.

The leaching of soils by acidic condensates is prevented by routinely
passing the condensate through a bed of limestone prior to cribbing.
Alkaline condensate passes through the CaCO3 unchanged (except for a very
slight dissolution of CaCO3), while acidic condensate reacts with the lime-
stone according.to the reaction:

4ENo3 + 3C0 3 - 2Ca(NO3 )2 + Ca(HC03)2 + H20 + C02

The solubility or gaseous nature of all the reaction products keeps the
surface of the undissolved limestone clean for continuing reoction(14).
The calcium salts add no new ions to the soil, simultaneously protecting
the soil from acid leaching and from the plugging action of any insoluble
compounds possibly derived from reaction of ions in the condensate with
the soil.

2.23 Miscellaneous wastes

As noted in Chapter XI, the pretreatment and retreatment procedures
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for the solvent in the 276-U Building facilities are subject to firming-up in actual plant operation. Since wastes from the solvent treatment,if any, may contain ions which tend to reduce the permeability of thesoil, crib facilities (216-U) are provided for these wastes separate fromthe cribs dispersing the process condensates.

2.3 Disposal facilities

Lo-activity wastes are disposed of at one of three crib locations,as follows (see Chapter XIII for plot plan):

216-ER is located about 1000 ft. northwest of 221-B Bui4ding
216-WR is located about 1000 ft. south of 224-U Building

216-U is located about 800 ft. west of 224-U Building

The 216-E and 216-WR Condensate Cribs are each -composed of twostandard Hanford cribs(10) in series. A 9-ft. by 9-ft. tank (270
Building) serves as a reaction chamber for the limestone neutralization
of condensate, the water flowing from a pierced-pipe distributor upwardthrough the limestone and overflowing the vessel to the. crib. Building270-W is located about 1000 ft. north of the 216-WR Crib, and Building270- is located about 300 ft. south of the 216-im Crib. It is antici-pated that no solids will be routed to these cribs, so that their capacityshould remain essentially constant throughout the pe:iod of UraniumRecovery Plant operation. The 216-U Crib facility is composed of a con-crete 20-ft. by 20-ft. tank, 241-U-361, and two standard Hanford Cribs(10)in series. The concrete tank serves as a settling point for any solids inthe cribbed effluent.

3. Negligible -Activity Wastes

3.1 Definition of the problem

The operation of the uranium recovery units creates large volumes ofliquid wastes which are not radioactive. These wastes are discharged toan open ditch at essentially background radioactivity. An approximatetolerance limit for the open discharge of these fluids is:

Plutonium 1 x 10 4 microgram/liter:

Beta emitters 0.5 microcurie/liter

The anticipated volumes of these wastes are as follows:

Source Volume, Gal./Day
Cooling Water and Condensates:

221-U and 224-U Buildings 4,500,000
244 Process Tank Vaults, each 36,000
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3.2 Description of the disposal facilities

The cooling water and steam condensate are collected in vitreous clay
severs and delivered to the Retention Basin. The Retention Basin is con-
structed in two sections, each having a capacity of 500,000 gallons. (See
Chapter XIII for location (about 1600 feet vest of 221-U Building) and
further details.) The effluent from the Retention Basin enters a ditch
about 8 feet wide and 800 feet long, from which it percolates into the soil
and/or evaporates.

The cooling water from the 244-TXH Process Tank Vault facilities flows
directly to the above-mentioned vitreous clay sever, the TMR sever flowing
under pressure to the vitreous clay sever at the 231 Building. Cooling
water from the other 244 Process Tank Vaults is discharged directly to
local ditches.

Chemical wastes and floor drainage from non-regulated areas of the
-, U Area facilities flow directly to the 800-foot ditch and percolate into

the ground.

Sanitary wastes from U Area flow to a septic tank and tile field
about 600 feet vest of the 221-U Building.

C. GASEOUS WASTES

1. Definition of the Problem

While no volatile radioactive materials are encountered ii the metal
recovery processes, activity does become air-borne through entrainment.
The confinement of this air-borne activity is based upon the maintenance
of air movement from less contaminated to more contaminated areas, and the
adequate filtration of this air prior to discharge to the atmosphere. The
gaseous wastes involved are tabulated in Section A.

2. Disposal Facilities

The filtration of the process gases is accomplished with three differ-
ent type media: sand, Fiberglas, and wool felt. In each case, filtration
depends on particulate settling, Brownian movement, and impingement of the
particles on the filtering medium as the gas follows a tortuous path through
the unit. The gas disposal facilities are described separately below.

2.1 291-U Ventilation Stack system

The 291-U Ventilation Stack system handles all the gaseous wastes
from the 221-U Building, 203-U Storage Tanks, vessel C-2 in the 224-U
Building, and the "hot" side of the 241-WE Diversion Vault.

2.11 Gas flows

Reference is made to Chapter XIII for an overell ventilation outline.

The process vents from the 203-U Storage Tanks and vessel C-2 in the 224-U
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Building are connected to the main ventilation air duct in the 221-UBuilding by a 24-in, line. This air duct exhausts nearly 36,000 cu.ft./min. of air from the 221-U Building canyon at about one inch of water neg-ative pressure. This flow, together with about 3700 cu.ft./min. fromother sources noted below, passes through a sand filter and is dischargedto the atmosphere through the 200-foot Stack, 291-U. The prime mover forthis stream consists of two electrically powered fans, manufactured byBuffalo- rorge and rated at 20,000 cu.ft./min. each at seven inches ofwater pressure differential. A third fan (for emergency use) is identicalwith the others but is driven at a higher speed by a steam turbine; it israted at 40,000 cu.ft./Min. at seven inches of water pressure differential,and starts automatically if. the others fail. Reference is made to theRedox Technical Manual(10) for further details, since these fans are iden-tical with those provided at the 291-S Ventilation Stack Building in theRedox Plant.

C-f7
;T The vessels in the 221-U Building are vented to a six-inch headerc-m which discharges into the 221-U Building ventilation duct at a blower pitbetween the 221-U Building and the 291-U Ventilation Stack. The primemover is an Aladdin fan, rated at 200 cu.ft./in. at 12 inches of waterpressure differential.

The condensers in the 221-U Building are vented to a four-inch headerwhich discharges into the 221--U Building ventilation air duct at the blowerpit between the 221-U Building and the 291-U Ventilation Stack. The primemover is a Spencer Turbine blower, rated at 50 cu.ft./in. at fifty inchesof water pressure differential.

The "hot" vessels in the 241-WB Diversion Vault are vented to thecell through two-inch return bend vents. The general 241-WR DiversionVault "hot" cell area is vented directly to the 221-U Building ventilationduct through a vent line with no fan or filter.

2.12 Send filter

The sand filter at the 291-U Ventilation Stack is a replica of theBedox sand filter, being altered only as required to fit the U Area topog-raphy. Reference is made to the Redox Technical Manual(10) for furtherdetails.

2.2 224-U Building systems

Except for the gases containing uranium oxide dusts, all waste gasesfrom the 224-U Building are innocuous and are discharged directly to theatmosphere.

2.21 Gas flows

The 224-U Building is ventilated by about 57,750 cu.ft./min. of air,which is discharged directly to the atmosphere by nine roof fans. (SeeChapter XIII.) The majority of this air is required for the removal ofexcess heat from the Calcination Pots and auxiliaries.
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Process gases are ejected to the atmosphere by roof jets. These gases
are drawn from the Nitrogen Oxide Absorber, T-A-1 (B.P.F. 2844), and the
two Nitric Acid Frectionator Condensers, E-B-3 and E-D-3. Approximately
200 cu.ft./min. of air is discharged from the jet on T-A-l, the gas being
cleansed by its passage through the bubble-cap column and a token filtration

through 12 inches of Type 304 stainless steel York mesh. Air from the HNO3
fractionating column jets is discharged directly to the atmosphere.

The uranium oxide dusts created in the conversion facilities are con-

fined by a sweep of air into the handling equipment and filtered from the

air by wool beg filters. The air flow in this system totals 7500 cu.ft.kin.,
the flow being-maintained by an Aladdinblower, X-13, rated at 7700 cu.ft./
min. air at 8 inches of water pressure differential.

2.22 Bag filter and nominal Fiberglas filters

The 7500 cu.ft./min. of dust-laden air is filtered through one of

four parallel wool bag filters (X-11). These "Mikro" beg filters are

manufactured by the Pulverizing Machinery Company and are rated to remove

particles above one micron diameter. A traveling blower ring is provided

for cleaning the filter by locally reversing the direction of air flow

through the wool cloth.
crn

Backing up the beg filter is a Fiberglas filter, X-12. This unit is

designed to act as a stop-gap measure in case one of the beg filters rup-
tures in service; the dust tolerance in the exhaust air will probably be
exceeded during the time required to divert the gas flow to the other bag
filter, but most of the dust will be contained. This unit is composed of

multiple, replaceable, glass wool filter frames, 4 inches thick and having
a combined face area of 4000 sq.in. The filter frames were supplied by
American Air Filter Company.

2.3 291-WR Ventilation Stack system

The 291-WR Ventilation Stack facilities ventilate the "cold" side of

the 241-WE Diversion Vault.

The vessels in the "cold" side of the 241-WE Diversion Vault are

vented to the cell through two-inch return bends. Ventilation air is ex-

hausted from the cells by a Western blower, rated at 4950 cu.ft./min. at

two inches of water pressure differential. This air is ejected to the

atmosphere without filtration through a 50-foot stack, 291-WE, located

about 25 feet north of the 241-WE Diversion Vault.

2.4 Waste removal facilities, 244-EM, CR, TIR, UM Process Tank Vaults

The stored waste removal facilities (the 244 units and the tanks being
operated) are vented to the atmosphere through local vent systems (291-Er,
CR, TIE, U Ventilation Stacks).

2.41 Gas flows

The vessels in each 244 Process Tank Vault facility are vented through
a Fiberglas filter to the ventilation air for that facility. The combined
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air streams, totaling about 3300 cu.ft./min., are filtered by a second
Fiberglas filter and ejected to the atmosphere through a 50-foot stack
(291) by a spared Buffalo Forge fan, rated at 4200 cu.ft./min. at twelve
inches of water pressure differential.

The underground storage tanks to be emptied are vented individually
through Fiberglas filters. Portable vent units, composed of a Buffalo
Forge fan (rated at fiG cu.ft./min. at 2-1/2 inches of water) and a 28-
foot stack, are provided and will be connected with the tanks as needed.

2.42 Fiberglas filters

The filters provided for the 244 Process Tank Vtult facilities are
of concrete cubicle construction, packed with graded layers of Fiberglas.
Pertinent details of this packing are given below.

Lrf
;r- Nominal

Fiberglas Fiber Depth, Density,
layer Type Diam., In. Inches Lb./Cu.Ft.

Cleanup AA 0.00003 to 1 1.2
0.00005

3rd 55 0.00055 12 3.0
2nd l5K 0.00115 12 3.0
1st 115K 0.00115 18 1.5

*) Manufactured by Owens-Corning Corporation

The vessel vent filter has a face area of 36 sq.ft. and is designed to
filter 335 cu.ft./min. of air at a pressure drop of about 1-1/2 inches
of water. The ventilation air filter has a face area of 160 sq.ft. and
is designed to filter 3300 cu.ft./min. at a pressure drop of about 5
inches voter.

The canister-type filter provided for each underground storage tankto be emptied is contained in a carbon steel box. Pertinent details of
the graded layers of Fiberglas used are given below.

Nominal
Fiberglas Fiber Depth, Density,

Toyer Type* Diem., In. Inches Lb./Cu.Ft.

Cleanup AA 0.00003 to 1 1.2
0.00005

3rd 115K 0.00115 20 6.0
2nd fl5K 0.00115 12 3.01st 115K 0.00115 12 1.5

) Manufactured by Owens-Corning Corporation

Each unit has a face area of 16-1/2 sq.ft. and is designed to filter 165cu.ft./min. of air at a pressure drop of 2 inches of water.

SLOWfl
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D. PROCEDURES

1. Normal Procedure

Reference is made to the engineer's flow sketch in Chapter VI. The
design of the Uranium Recovery Plant is based on the continuous flow of
materials wherever possible. Batchwise transfer of wastes is resorted to
only as required for accountability reasons and to permit ascertainment
that the radioactivity of a particular waste is within the safe limits for
the disposal method contemplated.

1.1 High-activity wastes

The high activity wastes are routed according to the following flow
pattern:

Vessel Name
(unit capacity, gal.; hours holdup)*

RAW and ROW Receivers

Pooled Waste Receiver
(12,000; 4.9)

Pooled Waste Sampler Tanks
(12,000; 4.9)

Waste Neutralizer
(12,000; 4.4)

Waste Concentrator Feed Tanks
(4500; 1.6)

Waste Concentrators

Waste Concentrate Coolers
(350; 0.25)

Vessel. Numbers

17-7 18-3 19-7 20-3

13-6

batc

11-1 12-1 12-3 13-1

NaOH 13-2.

9-5 10-0 8-

I9-1
9-2

9;7Conc. Waste Receivers
(4500; 3.3)

Waste Pump Tank
(50,000; 30)

10-1

10-2

10-7

241-wR-aol

8-i

8-2

8-7
4-

To any Underground
Storage Tank

*) The holdup for each tank is based on process flows corresponding
to 10 tons uranium/day.
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All of the above transfers are accomplished at automatically con-
trolled rates except the transfer of pooled waste to the Sampler Tanks
and the transfer of concentrated waste to the Tank Farms. The RAW and

ROW Tank levels are maintained at constant weight-factor values, the
rates of pumping to the Pooled Waste Tank being determined by the volume
rates of column operation. The Samplers are filled batchwise from the
Pooled Waste Tank at a rate of about 75 gal./min. All of the waste trans-
fer rates between the Sampler Tanks (only one is pumping to the flow
series at a time) and the Pump Tank, 241-W-O0l, are controlled by the
setting of the flow recorder-controller which controls the flow of waste
to the. Concentrator. The rate of flow into each vessel prior to the Waste
Concentrator is controlled by its weight-factor instrument, and the rate
of flow out of each vessel after this point is controlled by its weight-
factor instrument.

Sampling is accomplished batchwise on about 12,000-gallon increments
of pooled waste, the batches being handled as outlined above. EachSampler Tank is on about a 19.-hour cycle, as follows: filling, 2.7 hr.;
sampling, analyzing, and free time, 12.0 hr.; emptying, 4.9 hr. In theevent that off-standard pooled waste is obtained, or column performance
is suspected to be faulty, the waste streams may be sampled individually
in their respective receivers.

Waste neutralization is accomplished by turning on the pump trans-ferring the contents of a Sampler Tank to the Neutralizer. The rate of50 per cent caustic soda addition to the Neutralizer is automatically
controlled nt a rate proportional to the rate of waste flow into the
Neutralizer. The proportionality factor is set by the operator on the
basis of laboratory titrations on samples from the Sampler Tank. As afurther aid in the operation of the Neutralizer the pH of the Neutralizer
contents is measured by a continuous pH indicator mounted on the panel
board. However, the life expectancy of this continuous pH meter isdoubtful, and may be as short as a few days.

The control of the concentration step is tentatively based on theflow control of both the feed stream and the steam to the Concentrator.
The degree of concentration effected may be determined by the ratio ofthe flow rates of the condensate and concentrate (a volume balance may
be computed), or by reading the boiling temperature or specific gravity
of the concentrate. It is possible to control the steam flow by the
boiling point or by the specific gravity, if such operational control
proves desirable.

1.2 Low-activity wastes

The process condensates, which comprise most of the low-activity
wastes, flow continuously via a gravity header from the condenser systemsin 221-U and 224-U Buildings to each of the Condensate Tanks (241-WR-007,008, and 009) in turn. The temperature of these condensates is controlledat about 175*F. by controlling the water flow to the condensers. Someheat from these condensates will be used to heat the interarea pipetrench. (See Bl.24, above.)
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Sampling of the 221-U Building condensates is performed continuously
in the samplor enclosure at the rear of Section 5. The 224-U Building
condensates are monitored for pH only, In the event one of these samples
indicates insufficient deentrainment, the offending concentrator unit (or
units) moy be identified by taking a line sample of each condensate. Sam-
ples of the 221-U Building condensates my be taken at the sampler enclosure
at the rear of Section 5, while the 224-U Building condensates may be
sampled at Cooler E-C-7. The Sampler Tanks, 241-WR-007, 008, and 009, are
operated on about a 24-hour cycle: filling, 8 hr.; sampling and analyzing,
3 hr.; pumping and free time, 8 hr. The condensate may be pumped to the
215-ER Condensate Crib at about 30 gal./min., or to the 216-wR Condensate
Crib at about 100 gal./min., or simultaneously to both cribs at somewhat
reduced rates. The velume sent to each crib is metered and is controlled
by valve settings in the 241-WR Diversion Vault.

CO Floor drainage is collected in Tank 5-6 in the 221-U Building and
=t_ Tank C-2 in the 224-U Building. If analysis indicates cribbing is a satis-

factory disposal method, the waste is jetted to Crib 216-U through Settling
Tank 216-U-361. If the waste is too radioactive for cribbing, 221-U
Building material may be routed to Waste Utility Holdup Tank 5-6 (12,000

CNJ gallons) for concentration as a high-ectivity waste; 224-U Building material
may be routed either to the Product Concentrator Feed Storage Tanks, X-1
or X-2, or the Feed Utility Holdup Tank 4-1 (12,000 gallons) for reprocess-
ing.

Any aqueous wastes from the organic recovery operations in the 276-U
Buildirg are routed to Crib 216-U through Settling Tank 241-u-361. Any
organic wastes from the 275-U Buildinc are barreled for ultimate disposal
by burial or burning.

Any drainage from the main Stack, 291-U, flows by gravity to the
Waste Pump Tank, 241-WE-001, where it is blended with the wastes being
pumped to underground storage. Since the volume of this waste is antici-
pated to be negligibly small, the disposal method was chosen on the basis
of simplest construction.

1.3 Negligible-activity wastes

The chemical wastes from the non-regulated ("cold") zones of the
221-U and 224-U Buildings are routed to the open ditch without check.

Cooling water and steam condensate are routed through the Retention
Basin to the ditch on a continuous basis. The two sections of the basin
are operated in series, the first section holding up a minimum amount
necessary to operate the monitoring devices, and the second section allow-
ing a straight-through flow with nominally zero holdup.

2. Remedy of Off-Standard Conditions

2.1 Excessive amounts of uranium in the pooled waste

Pooled waste (combined RAW and ROW) found high in uranium content
may be routed to Feed Utility Holdup Tank 4-1 (12,000 gallons). From
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this point, it may be transferred to the Spare Concentrator, concentrated,
and returned to the Feed Receiver, TK-3-6, for a second pass through the
extraction battery; or it may be returned to either Feed Receiver, 3-1
or 3-6, directly; or it may be routed to the Waste Utility Holdup Tank,
4-6, for batch neutralization and later concentration as a high-activity
waste.

2.2 Excessive radioactivity of wastes normally cribbed

If the condensate in the 241-WR Diversion Vault tanks is found to be
too radioactive to be cribbed, individual stream samples are taken to
identify the offending equipment. It may be possible to correct the ex-
cessive entrainment by reducing the rate of boil-up in the offending unit.
If this corrective measure fails, the trouble probably lies in a defective
column (either deentrainment or fractionating), and equipment maintenance
is indicate. The off-specification condensate on hand may be returned
to the concentrators via the Waste Utility Holdup Tank, 4-6, for redis-
tillation.

2.3 Excessive radioactivity of Retention Basin contents

This condition may be detected by the continuous monitoring device
in the first section of the Retention Basin. When detected, the gates
may be closed, impounding the water, and a search started for the isola-
tion of the offending equipment piece. If the radioactivity of the
impounded water is found to be toc high for disposal by ditch, portable
equipment must be provided to disclarge the water to a crib. Operation
of the recovery facilities would, of necessity, be suspended within a few
hours until the situation could be rectified, but the probability of this
occurrence is judged to be so low thot more elaborate provisions are con-
sidered unwarranted.
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Figure-:I= - I

NEUTRALIZATION OF RAW WITH 50 % NaOH
TBP-HW No. 4 FLOWSHEET

SOURCE OF DATA: HW-21273
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PART III: PLANT AND EQUIPMENT

CHAPTER XIII. GENERAL DESCRIPTION OF PLANT
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CHAPTER II. GENERAL DESCRIPTION OF PLANT

A. GENERAL LAYOUT OF PLMT DECLASSIFIED
1. Layout of Hanford Works Production Areas

The production areas of Hanford Works, shown in Figure IIII..1, were
originally set up as independent, self.contained, parallel units located
in widely separated districts. The wide separation of the individual
units was intended to prevent any accidents in one unit causing the
spread of radioactive contamination to others. The entire plant would
not have to be shut down if any single unit were damaged, since other
identical units could be operated. While for some recent additions to the
plant no identical parallel facilities have been provided, continued oper-
ation of the plant despite damage to any one unit is still feasible,
because of the availability of other facilities with the same function.
Thus, the Bismuth Phosphate and Uranium Recovery (TBP) Plants together
parallel the function of the Redox Plant (recovery of plutonium and

rn Uranium).

Production unite of the plant are located in three operating areas
cr known as the 100; 200, and 300 Areas.

The piles for the production of plutonium are located in the 100 Areas.
There are four of these areas, designated 100.J., 100-.. 100-F, and 100.H.
One pile is located in each area with the excep'ton of the 100-l Area which
contairw both the "D" and "DR" Piles. At this x'iting an additional pile,
to be called "0 Pile, is' under construction in the 100 Areas. The pro.
duct of the 100 Areas is the raw material for the 200 Areas.

,The 300 Area is located 5 miles north of Richland. The uranium metal
charged to the 100 Area piles is prepared in the 300 Area.

2. 200 Areas

The 200 Areas- are located approximately 6 to 10 miles from the 100
Areas, and comprise the 200 North, 200 East, and 200 West Areas.

The 200- North Area contains facilities for the underwater storage
of uranium after its discharge from the piles. In storage, irradiated
slugs undergo "cooling", (decay of radioactive fission products) prior to
processing in the separation plants. Three separate Metal Storage Basins,
212.N, P, and R, are provided in the 200 North Area.

The 200 East and West Areas are approximately 2 to 3 miles from the
200 North Area, and are about 4 miles from each othor (ee Figure XI.1-1).
Each of these areas is provided with power and'service facilities.

Facilities for the separation and concentration of plutonium by the
BiP04 precipitation process are located in both 200 East (Buildings 221-B
and 224-B) and 200 West Areas (Buildings 221.T and 224-T). Also located

DECLASSIFIED I
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in the 200 East and -est Areas are the uranium waste removal acilities
which produce homogeneous feed solution for the TBP Plant from the
stored uranium waste solutions of the 200 Area B and T Plants. The TBP
Plant, in which a solvent-extraction process is used to separate
uranium from radioactive fission products and the U0 3 Plant, in which
the concentrated UMI solution from the TBP and Redox Plants is calcined
to produce UO , are located in the 221-U and 224.-U Buildings of the 200
West Area. e U Plant was originally built to provide additional BiPO1
processing capacity, but it was never used, and has been converted to
house the TBP and UO3 Plants. In addition, the 200 West Area contains
facilities for plutonium isolation (Building 231-U) metal fabrication
(Building 234-5), stack gas studies (Building 292-U, and health instru
ment experimental work (Building 222-U).

Directly south of, and adjacent to the 200 West Area, is the 200
South Area in which the Redox Plant (a new separations plant employinga solvent-extraction process for the separation of uranium and plutonium
from each other and decontamination of both from radioactive fission
products) and the 222.-S Laboratory Building are located. The 222.SLaboratory Building houses the equipment necessary for analytical sup-
port of both the Uranium Recovery and Redox Plants.

3. Uranium Recovery Plant

The uranium recovery facilities used to prepare U0 3 product from
the underground stored uranium have been subdivided into four general
groups in the following discussion:

(a) The uranium waste storage and removal facilities located at
the seven Bisrmuth Phosphate Plant uranium underground stored
waste farms in the 200 East and 200 West Areas. Also
included in this section are the various facilities (diversion
boxbs, storage vaults, inter..area piping) used for routing of
the uranium solutions into the 221-U Building.

(b) The uranium recovery (TBP Plant) facilities located in and
around the 221-U Building.

(c) The UNH solution concentration and calcination facilities
(U03 Plant) located in and around the 224-U Building.

(d) The waste disposal facilities for the various radioactivity
level solutions and gases produced during the uranium recov..cry process. These facilities are briefly mentioned in
this chapter. For a more complete treatment see Chapter XII.

A list of the buildings in each of the above groups is given in3.1 to 3.4 below, together with its location and a brief descriptionof its function. More detailed descriptions of the removal, recovery,and calcination facilities may be found in sections B, C, and D of thischapter,respectively. For a detailed functional description of thewaste disposal facilities the reader is referred to Chapter XII.

%-o DECLASSIIED "
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3.1 Uranium removal facilities

3.101 Tank Farms (241..B, BI, BY, C, T, TX,and U)

At each of the seven tank farms containing underground stored
wastes (241..B, BX BY, and C in the 200 East Area; and 241..T, TX, and U in
the 200 West Area5 facilities have been installed for removing the
wastes from the storage tanks. Above each tank containing stored waste,
Sluice Pits, Pump Pits, Heel Pits, Instrument and Electrical Enclosures,
and Vent Hatchways have been constructed. When the uranium wastes have
been removed from the tanks they may be refilled with TBP Plant "hot"
wastes. The location of the various tank farms are shown on the 200
East and 200 West Area plot plans (Figures XIII.2 and XIII-3).

3.102 Process Tank Vaults 24-BfR, CR, TfRl and UR)

The four Process Tank Vaults are located at the BI, C, TX and U
c Tank Farms. They contain the equipment necessary for pumping a high.-

pressure stream through the sluicing nozzles in the storage tanks.
Facilities are also included in the vaults for slurry dissolution and
pumping of the dissolved solution to the 241.WR Vault outside the 221.U
Building.

3.103 Cascade Diversion Boxes

In the many Cascad& Diversion Boxes the individual tanks of a 3, 4,
or 6-tank cascade may be connected with other tanks within the same
cascade or to the appropriate Master Diversion Box. By proper alignment
of jumpers within the Cascade Diversion Box supernate homogenization of
the cascade may be accomplished, and individual tanks may be selected for
sluicing operations.

3.104 Master Diversion Boxes (241-UR.151. 2hl-TXR-151, 241-BR-151, and

Each of the four Master Diversion Boxes are connected to two or
three Cascade Diversion Boxes and to a Process Tank Vault, By proper
installation of jumpers the various cascades serviced by # Process Tank
Vault may be selected for sluicing operations. From the Master Diversion
Boxes supernate may also be routed to the temporary homogenized.supernate
storage tanks (21-TX-115 in the West Area, and ?sl..BX--109 in the East
Area).

3.105 Control Houses (271-BXR, CR, TXR, and UR)

The Control House is the nerve center of the removal area. It
shelters the instruments and motor controllers for operating the remov-
al equipment. Also included in the Control House are an instrument air
compressor and space for locker, toilet, lunchroom, air conditioning,
and SWP facilities.

3.106 Diversion Station 241..WR

In the 241.-WR Diversion Station at the northeast end of the 221-V.
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Building uranium solution pumped from the Process Tank Vaults may be
stored before entering the 221-U Building. Also,in 2h1.WR,recovered
HNO3 is stored until it is needed for dissolution at the tank farms
and cribbable wastes are held-up until it has been determined that
they meet cribbing tolerances. TBP Plant "hot" wastes are held
temporarily in the vault until they are sent to underground storage.

3.107 Interarea Pipe Encasement

A six-line buried pipe encasement connects Diversion Box 241-UX-
154 (just outside the 221-U Building)with Diversion Box 2hl-SR-151
(about 600 ft. southwest of 22W-B Building).% Through these lines
uranium solution is pumped from the 200 East Area to the 241.WR
Vault (through 2h1.UX-15L) and cribbable waste, recovered nitric acid,and TBP Plant waste are pumped from the 241-.-k Diversion Station (via
2!l-UX-154) to the 200 East Area.

Lr
m 3.108 Vent Station (241Ew-151)
-

The Vent Station (241-1.151) is located at the high point in the
six..line East-West encasement roughly one mile from the eastern ter-
minal (241-E-15). The encasement lines must be vented and drained
to the tanks at either end of the encasement before jumper connections
involving the tanks may be made.

3.109 Diversior Box 2l1-ER-151

Diversion Box 241-ER-151 is the eastern terminal of the Interarea
Pipe Encasement located approximately 600 ft. southwest of the 224-B
Building. From this diversion box a five.line encasement connects
with the 241-BXR Process Vault, a three..line encasement connects with
the 241..CR Process Vault, and a single line connects with Cribs
216-.ER-, 2, and 3.

3.110 Diversion Box 241-UX-l5h

Diversion Box 241-UX-54 is the western terminal of the Interarea
Pipe Encasement and is located approximately between the 221-U and
291-U Buildings. In addition to connecting the 2hl..NR Vault with the
East Area facilities the box is used to connect the 2hl-WR Vault with
the west area tank farm facilities through Diversion Box 241-T.155.
Condensate may be routed from Diversion Box 2hl.XT-154 directly toWaste Cribs 216-JR-1, 2, and 3, and 216..U-1 and 2.

3.111 Diversion Box 21-TX-155

Diversion Box 2hl-TX-155, located approximately 800 feet east ofthe 2hh-TIT1 Process Vault, connects the 241J..M Vault (through Diver.sion Box 2)11-UX-154) with the various West Area tank farms. Alsorouted through this box are "hot" BiM4 process wastes from the TPlant.
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3.2 TBP Plant DECLASSIFIED
3.21 Processing Building 221-U

This building contains all the equipment for: (a) the prepara-
tion of a suitable solvent-extraction aqueous feed solution from the
homogeneous solution prepared at the tank farms; (b) the separation and
decontamination of uranium; and (c) the neutralization and concentration
of "hot" waste solutions before routing them to underground storage.

3.22 Building 271-U

Building 271-U, adjacent to the operating-gallery side of the 221-U
Building, contains the equipment required for the make-up of the various
aqueous solutions used in the 221-U Building. Some dry chemicals used
in making up the solutions are stored in the 271-U Building. Also
housed within this building are the office, locker room, lunch room,
water demineralising, shop, small-scale laboratory, and air compressor
facilities.

3.23 Organic Treatment and Storage Building 276.U

In the 276.U Building, a concrete vault adjacent to Section 20 of
the 221.U Building, organic solvents are stored and prepared for use
within the 221-U Building. Also included in 276.U are facilities for the
treatment of "off-standard" solvent from the 221-U Building.

3.24 Chemical Tank Farms 211-tU and 211.AU

In the Chemical Tank Farms, 211-U and 211-AU located just north of
the 271-U Building and adjacent to the 221-U Building,- aqueous bulk
chemicals and water demineralized in the 271-U Building are stored.
Facilities are included in the tank farms for the make-up of RAS solution.

3.3 U03 Plant

3.31 Concentration and Calcination Building 224-U

In the 224.U Building is. housed the equipment for concentrating the
U101 solutions from the Redox and TBP Plants and the equipment for calcin-
ing the resulting concentrated uranium solutions. In addition, facilities
are installed for the recovery of nitric acid from the gases given off
during calcination and for fractionating the nitric acid recovered in the
absorption and concentration operations.

3.32 UNH Solution Storage Buildings 203-U and 203..UX

The UM. solution from the Redox and TBP Plants is stored temporarily
in the 203-U Building (for location of this building see Figure XIII-18)
while awaiting processing in the 224.U Building.

- The 203.UX Building is used for special UE solution storage
functions, explained under D2.2, below.
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3*33 U03 Warehouse Duilding 2714 DECLA FIED
The U0 3 powder produced in the calcining pots of the 224..U

Building is temporarily stored in the 2714 Building while awaiting"off-site" shipment. Additional facilities may be built for addi-
tional storage capacity.

3.4, Waste disposal facilities

The radioactive gaseous and liquid wastes produced in the various
phases of the uranium recovery process are handled in several different
ways, depending upon the radioactivity and type of waste. The higher-
radioactivity-level aqueous wastes containing most of the fission
products are returned to empty underground storage tanks through the
underground pipe encasement and diversion systems. Condenser andjacket cooling water and low-radioactivity condensates are sent toretention basins, ponds, and underground cribs, while radioactive
gases are sent to the stacks enumerated below. (See Chapter XII fora detailed discussion of the waste facilities,)

3.41 Waste Cribs 216-WR-1, 2. and 3

Low-radioactivity-level condensates from the process vessels inthe 221-U and 224-U Buildings are normally rotted through the 241-WRVault facilities to the 216-WR-1, 2, and 3 Waste Cribs throughDiversion Box 241-UX-151). These cribs are located approximately
500 yards south of Diversion Box 2h1-UX.-15. The construction of atypical Hanford Crib is shown on figure XIII-34. (See Chapter XIIfor further crib discussion.)

3.42 Waste Cribs 216..U-.1 and 2

Floor drainage (not process cell) from the 221-U and 224-UBuildings and aqueous chemical wastes from 276-U Building treat-ment operations are routed to the 216.U-l and 2 Waste Cribs throughthe Settling Tank 361. These cribs are located approximately 300yards west of the 224.U Building.

3.43 Waste Cribs 216-ER.., 2. and 3

Vasto Cribs 216-ER-1, 2, and,3, similar in function to 216-WR-1.2, and 3 Waste Cribs, are used for the disposal of low-radioactivitylevel condensates from process vessels in the 221-U and 224-U Buildings.These 200-East Area cribs, located approximately 00 yards north ofDiversion Box 241-ER-151 are connected to the Interarea Pipe Encasement(and the 24J-AR Vault) through Diversion Box 21-ER-151.

3.44 Retention Basin 241-U

Cooling water from the process vessels in the 221-U and 224-UBuildings is routed to the 241-U Retention Basin which is just eastof the 241-U Tank Farm. In the Retention Basin the water is monitoredfor radioactivity before it is routed through a 24-in. line to an open
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ditch at the low point of the U Area (see Figure XIII-3).

3.45 Vent Stack and Fan Buildings (291-M&. OR. TXR, and UR)

The Vent Stacks and Fans located at the BX, C, U, and TX Tank Farms
remove the radioactive gases and vapors produced in the Blend Tanks and
Slurry Accumulators -of their respective Process Vaults and dilute them

prior to releasing them to the atmosphere. The gases are filtered by
glass wool filters before passing to the stack.

3.46 Portable (26.ft.) Stacks and Fans (2La1.FN)

When removal operations are carried out in an underground,stored-
wastetank-farm cascade,each tank of the cascade is vented through a
glass-wool filter installed in the tank condenser hatchway to a port-

CY-1 able stack.fan installation (one for each tank in the cascade). Venti-
lation air passing from the sluicing, heel removal, and pump pits into

c 2the storage tanks is vented through these stacks.

c:-
3,47 Building 291-U

The 221-U Building canyon ventilation air is vented from the
ventilation duct to the atmosphere through the sand filter -nd stack
facilities of the 291..U Building. Also vented through the 291-U filter
and stack system is the ventilation air from the "hot" tank side (Tanks
WL..0l through WR-005 inclusive) of the 2141-WR Vault. Process tanks
and condensers in.the221-U cells are vented to the 291.U Stack but pass
through separate headers and a blower pit before they are discharged to
the duct leading to the sand filter. ilost vessels in the 224.-U, 203-U,
and 203-UX Buildings are vented indirectly to the 291-U facilities
through a terra cotta pipe leading to the 224-U ventilation duct.
(For a detailed discussion see 01.23, 02, and C3, below.)

3.48 Diversion Vault Stack and Fans 291-WR

The Nitric Acid Pump Tank and the Aqueous Pump Tanks (Tanks WR.006
through 1R.009, inclusive) are vented to the atmosphere through the
Diversion Vault Stack and Fan, 291-WE, located at the north corner of
the 24L-WTR Diversion Vault. The "hot" tanks of the 241-WR Diversion
Vault are vented directly into the "hotit side vault and are eventually
discharged with the "hot" side ventilation air to the 291.U Stack as
discussed in 3.47 above.

3.5 200 East and West Area service facilities

The 200 East and West Area service facilities which serve the Uranium
Removal Plant are listed below. If the facility is located in only the
East or only the vest Area the facility is indicated by the letter E or
W. Facilities not so designated are provided in both areas.
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277.U
2305
2501
2503
2505
2506
2508
2601
2603
2701
2801
2802
2803
2901
2903
2904-

W Uranium Removal Mock-Up Shop
-. Fences and Guard Towers
-. Fence and Road System
. Electrical Distribution System

Fire Alarm System
- Telephone System
W Recovered-Metal Transfer Line

- Railroad System
- Roads and Walks
- Area Badge House
- Overhead Pipe Support System
- Steam Distribution System
- Compressed..Air Distribution System
- Water Distribution System
- Sanitary Sewer System
- Process Sewer System

B. URANmIj REMOVAL FACILnTIES

1. General Description

Waste removal facilities are installed at each of the seven tankfarms containing stored uranium waste from the bismuth phosphate
process. The tanks in each tank farm have been arranged in cascades of3, 4, or 6 tanks (see table below) so that waste overflowing the firsttank passes into the following tanks of the cascade. One or momncascades in each tank farm have been (or will be) filled with waste asindicated below:

Tank Farms

241-B

2b1-BX and
241-BY

241-

241-T

241-TX

Tanks in Cascade

1. B-101,,202, and 103

1. BL-101,102,103 and
BY-10,102, 103

2. BX-10h,105,106 and
BY-10I,105,106

3. BY-lllad BY-112
4. BY.-109 a

1. C-101,102, and 103
2. C-c4o,1o5, and 106
3. C-201,202,203, and 20 4(b)

1. T-101,102, and 103

1. TX-101,102,10 3 , and 104
2. TX-105.16,10 7 , and 108
3. TX-15c

Cascade Diversion Box
to Which Tanks of

Cascade are Connected

241.BR-152

241-MBI-152
and BY-152

241-BR-153
and BYR-153

241-BXR-15h

241-CR-152
241-CR-153

24:l-T-152

241-TXR-152
241-TXR-153
241-TX-153
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Tank Farms(Cont'd) Tanks in Cascade

Cascade Diversion Box
to Which Tanks of

Cascade are Connected

1. U..101,102, and 103
2. U-104,105, and 106
3. U-107,108, and 109

241-UR-152
2A1-U4-l53
2a1a-154

(a) Homogenized..supernate temporary storage tank for 200 East Area.

(b) These are special small tanks (20 ft. in diameter) of the 241-C
Tank Farm which are connected directly to Master Diversion
Box 241C-a151. For a description of these tanks see B2 below.

(c) Homogenisedasupernate temporary storage tank for 200 West Area.

Above each of the 75-ft..diameter underground storage tanks three
concrete pits have been constructed to house the equipment used during
pumping, sluicing, and heel removal operations in the tank. The pits
for the various tanks in a cascade are connected by an underground
concrete pipe encasement to a Cascade Diversion Box (see table above).
By proper alignment of the jumpers in these Cascade Diversion Boxes the
various tanks in a cascade may be connected with one another or to other
removal facilities through a Master Diversion Box.

By proper alignment of the jumpers in the Master Diversion Box,
individual cascades may be selected for removal operations. The 7arious
Master Diversion Boxes connect with other facilities as ibdicated below-

Master
Diversion Box

241-03-151

2hi-31R-15l

24ITR-15 l

243 U-w51

Cascade Diversion
Boxes Connected to
Master Div. Box

241-CR-152
241-CR-a53

21t1-BR-152
2h1-Bfl-152
241..ZM-153
2h1-BXR-154
241.-33-152
241-Mnl-153

2l-TR-152(through
Booster Pump Pit
241-TR.-53)
2h1-TIR-152
241..TXR-153

2h1-UR-152
241iuR-153
241I-a54

Other Process
Facilities Connected

to Master Div, Box

Process Vault 2I4-CR
Underground Storage Tanks

C.201,202,203 and 204
Diversion Box 241ER-151

Process Vault 2h4-DBR-151
Diversion Box 241-ER-151

Process Vault 244-TXR
Diversion Box 241.TXl-153

(routing of supernate
for storage in T-115)

Diversion Box 2h.TX-155

Process Vault 24 4-UR
Diversion Box 241-TX.155

DECLASSIFIED
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Process Vaults are located at four tank farms. Each Process

Vault processes the slurries produced in one or more tank farms as
indicated below:

Process Tank Farms Serviced Stack Handling Process
Tank Vault By Process Tank Vault Tank Vault Waste Gases

2L4-BLR 2"1 , 241-BX, 241By 291-Bf
2h4-CR 241-c (Included are the four 291..CR

small tanks-201, 202, 203
and 20h--.of the C Farm)

244-TXR 241-T, 2L1-TX 291-TXR
244-UR 2b1-U 291-UR

The homogeneous solution produced from the slurries is pumped
from the various Process Tank Vaults to temporary storage in the 241..WR
Vault outside the 221-U Building through a complex underground piping
and diversion system. Wastes and recovered nitric acid from the TDP
and UO3 Plants are also returned to the tank farms for use or storage
by the same underground piping and diversion system.

fl
At each of the processing creas Control Houses (271.BXR, 271-CR

cr 271-TXR, and 271-OR) have been built. They house tank farm instrumentsand motor controllers as well as air compressor, ventilation, locker,toilet, lunch room, office, and SWP facilities.

Plot plans for each of the tank farms are shown on Figures XIII-5through 11. The underground piping system connecting the tank farmsith the facilities in the 241-WR Vault has been shown on the areaplot plans, Figures XIII.-2 and 3.

"Hot" equipment and jumper changes at the tank farm are accomplishedthrough the use of a gantry crane. (See Chapter XVIII.)

2. Underground Storage Tnks

The BiPOh process wastes are stored in 3 different size tanks asdescribed below. All the 75-ft.-diameter tanks are of reinforcedconcrete construction with a steel liner on the bottom and sides.These tanks rest on waterproof pads and are waterproofed on the sidesand top with tar and gunnite concrete.

The 75-ft.-diametor tanks of the 241.BR, CR, TR, and Bf Tank Farms
store liquids to a depth of 16 ft, and hold approximately 530,000 gal.(see Figure XIII-12 for other dimensions). Above each of these tankshave been constructed concrete pump, sluice, and heel removal pitsoriented as indicated on Figure XIII-13. Over-all dimensions of thesepits are shown on Figure XIII.5.

The 75-ft.-diameter tanks of the 2h1TX and 241-BY Tank Farms havean overflow 22 ft. from the bottom of the tank and normally holdapproximately 759,000 gal, of waste (see Figure XIII-12 for dimensions).

&rwsDECLASSIFIED u
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As indicated on Figure XIII-13, the orientation of removal equipment
above the tanks is different for these tanks than for the 530,000 gal.
capacity tanks. There are two sluice pits on the 759,000-gal, tanks
and the sludge pump is placed in the center pit along with the heel
removal jet. Over-all dimensions of the pits are shown on Figure XIII-13
and on drawings in Chapter XVI.

There are four smaller 20-ft. diameter tanks filled with stored
uranium waste in the 241-C Tank Farm. These tanks have a storage capaa-
ity of 55,000 gallons at a liquid depth of 24 ft. The 2O.foot tanks are
not arranged in cascade and have no overflow outlets.

Early in the development of the BiPO4 process consideration was
given to decontaminating the uranium waste solution by a series of
scavenging precipitations thereby simplifying later recovery of the
uranium, The 20-foot-diameter tanks were originally constructed to hold
the highly radioactive cake but were never used for this originally
intended purpose.

As discussbd in Chapter II, jets will be used to remove the sluiced
materials from the 20-Soot tanks in place of the sludge pumps used in the
75-foot tanks. Orientation of the equipment installed for the removal

operations is shown on Figure XIII-13 and on Figure XVIII.8.

3. Process Tank Vaults

The 241WBIE, 2j..CR, 244RTI, and 2+b.UR Process Tank Vaults are
two-level concrete structures. As indicated on Figure XIII-i5 the upper
level is divided into a series of pump pits (one for each tank) housing
jumpers, process piping and electric motors; and a series of sampler
pits (one for each tanki housing sampling equipment and instrument shafts.
The lower level of all the Process Tank Vaults houses a Slurry Accumulator
and two Blend Tanks. In addition, the 244-Bfl and 24h..R Process Vaults
house the Process Pump Tanks required for pumping the acidified uranium
solution through the Interarea Pipe Encasement, and the 244.UR Process
Tank Vault houses the Nitric Acid Tank. The Nitric Acid Tanks (storing
recovered nitric acid) of the other processing areas (TXR, CR, and BXR)
are located above ground on concrete pads near the Process Tank Vaults and
flow by gravity into the Blend Tanks.

4. Diversion Boxes

4.1 Cascade Diversion Boxes

The removal facility Cascade Diversion Boxes (for a drawing of a
typical box see Figure XIII-14) depart greatly from the conventional
diversion-box design used in previous Hanford installations. The jumpers
used within the boxes are of the wall-to-floor type rather than the wall-
to.wal type previously used, and in some cases include bellows-seal
valves operated by extension handles extending through the diversion box
cover. Inlet connectors are on the walls of the box while outlets are on
the floor. All connectors used in the removal facilities at the waste tank
farms are the Redox type described and illustrated in the Redox Technical
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Manual (HW-18700).

Sprays and drains are provided for wash..down operations in case
of spills or leaks. In some diversion boxes storage space for jumpers
not in use is located at one end of the box. The concrete walls and
floors of the diversion boxes are protected with an Amercoat 55
coating.

The construction of the Cascade Diversion Boxes varies from
cascade to cascade depending upon the number of tanks in the cascade.
The underground storage tanks serviced by the individual Cascade
Diversion Boxes are listed in Bl above. For schematic diagrams
shoning the interconnection of the various diversion boxes, the reader
is referred to prints SK-2-742 and SK-2-750.

4.2 Master Diversion Boxes

Although the functions of the Master Diversion Boxes are consider..
ably different from those of the Cascade Diversion Boxes (see A3.04and Bl above), the same general design features are incorporated in
both types. The specific design features (e.g., number of connectors
and types of jumpers) of individual boxes vary depending upon theprocess functions performed through the box and the geographic loca..
tion of the boxes with respect to the other units it connects.

For a schematic drawing showing the interconnection of the diver.sion boxes, reference should be made to SK..2..742 (West Area) or
SK-2-750 (East Area).

4.3 Diversion Box 241-ER-151

Diversion Box 2L1-E-151, the East Area end of the Interarea PipeEncasement, is a concrete pit 39 ft. 1/2 in. long, 6 feet wide and
12 ft. deep with 2-ft.-thick concrete walls. At one end of the box,separated by an 8-in.-thick concrete wall, is the fl-ft. 4.-1/2 in4-long by 6-ft.-wide jumper storage space. The box is covered with 2-ft.-thick concrete cover blocks,which may be removed by a motor crane.

The rows of connectors on opposite sides of the box may beconnected by jumpers. All feed solution passing to the West Areaand solutions returning to the East Area tank farms or cribs passthrough this diversion box.

h.h Diversion Box 21-ux..15h

Diversion Box 2h14-X154, the West Area end of the InterareaPipe Encasement, is a concrete pit 52 ft. 4.1/2 in. long, 6 ft. wideand 11 ft, deep lined by 2-ft.-thick concrete walls, and covered by5-ft. 1-in.-thick cover blocks. At one end of the box,separatedfrom the connector pit by a 1-1/2 in.-wide concrete wall,is the 9-ft.10-1/2 in.-long connector storage space.
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The rows of 16 inlet connectors and 9 outlet connectors may be
connected by jumpers. The box is connected by underground piping to the
2lJ-R Vault, the Interarea Pipe Encasement, Diversion Box 241-TX-155
(Vest Area tank farms), the sump tanks in Section 5 of the 221-U Building,
and Diversion Box Catch Tank 302.

4.5 Diversion Box 241.TX-155

Diversion Box 2I1.TX-155, from which T and U Tank Farms are connected
to the processing areas, is a concrete pit h ft. 1/2 in. long, 6 ft. wide
and 9 ft. 11 in. deep. At one end of the box is located a 9-ft. 10-1/2 in.-
long connector storage space separated from the connectors by a 1-ft.
2-in, concrete wall. The box is lined by 2-ft.-thick concrete walls and
covered with 5-ft. 11-in.-thick cover blocks.

A total of 63 connectors line three walls of the box. In addition
Lfl to the connectors originally used for filling the storage tanks with

T Plant waste, the box is connected directly to 21..UX-154, 241-WR,
C3 the nitric acid tank at the 24 4-TXR Process Vault and the West Area
Crr Master Diversion Boxes (241-UR4-5 and 2t-TXR-151). The box drains to

Catch Tank 302B,

5. Vent Station 241-EW-151

Vent Station 241.EW-151 is located adjacent to the East-Xest encase.
-ment at the highest point in the encasement (roughly one mile from the
eastern tdrminal.41.ER-151). The lines of the Interarea Encasement
are vented to insure drainage of the line to the tanks at either end
of the encasement before jumper changes are made. Each line is individu.
ally vented to a tank (vented in turn to the Interarea Pipe Encasement)
installed in a concrete pit (16 ft. deep by 10 ft. long by 8 ft. wide)
by opening an extension.handle-operated gate valve (one in each line).
If "hot" solution should inadvertently be discharged into the vent tank,
the tank overflows into the Interarea Encasement. Solution in the tank
(detected by portable conductivity instruments) may be jetted into any
of the six encasement lines by a jumper connection to a compressed-air
jet installed in the tank.

. 6. Control Houses (271.BXR. CR, TXR, and UR)

At each of the tank farm processing areas (BXR, CR, TfR, and UR) are
constructed one story frame buildings from which the tank farm removal
operations are controlled (see Figure JIII-15). From the control houses
electrical and instrument lines lead to the various tank farm facilities
(e.g.,process vaults, process stacks portable stacks, pump pits, sluice
pits, instrument and electrical pits). In addition to the control room
equipment, the buildings contain lunchrooms, locker rooms, toilets, and
the air-compressor equipment which supplies instrument and process air
to the tank farm facilities.

7. Tank Farm Service Facilities

7.1 Raw water

All the waste tank farm systems are su water from mains
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through four-inch underground headers. From the Lain. headers a
2-in, line leads to the 271 Control House; two 3-in, branch lineslead to the 244 Process Vault Blend Tanks; and a 2-in, line services
the tank farm cascade system. The latter 2.in, line supplies thevarious 2-in, risers which are connected by hose connections to
various tank farm facilities (e.g., pit sprays, sluicing nozzle and
pump jet ring sprays, etc.). The safety showers and the fire hydrant
outside the buildings are connected to the raw water line.

The 271 Control House 2-in. line enters the mechanical equipmentroam where most of the raw water is used in the building ventilationequipment and for air-compressor and air-drying unit cooling.

7.2 Sanitary water

Sanitary water is supplied to the BM, CR, TXh, and UR processingareas through h-in. supply lines leading to the 271 Control Houses.In all the 271 Control Houses the sanitary water requirements consistof services to an electric hot water heater, an electric water cooler,lavatories, and showers.

7.3 Steam

Each tank farm (except C Farm which is supplied by a new 4.in.line) is supplied by an existing 3-in. 225-lb. steam line from anarea power house main. The supply lines lead to 110-lb. pressure..reducing stations wit'hin each area. Above ground 3-in. steam linessupply the 110-lb. steam to the 271 Buildings, the 244 ProcessVaults, and the various 2-in, outlets located near the tanks con.taining stored waste, The 2-in. outlets are connected by temporaryhose lines to heel-jet gang valves as required.

At the 271 Building 110-lb. steam is used to supply the instrment.air dryers during regeneration periods. Low-pressure steam for heat..ing the 2 71-Building is supplied by a pressure..reducing valve withinthe building.

The process jets in the 244 Process Vaults are supplied by110-lb. steam lines. A pressure-reducing valve near the processvaults provides low pressure steam for the air heating and humidi-fication equipment which supply the process vaults.

Low-pressure steam is supplied to the heating and ventilationequipment for the Booster Pump Pit, 241-TR-153, from the T-farm 3-in,110-lb. line through a local pressure-reducing station.

7.4 Electric pwer

The waste removal facilities at the various tank farms aresupplied by overhead13,600-volt feeder lines leading from the main251 Station. At each of the tank farms are substations (254 Buildings)which contain l 3
5
3 00-volt/48o-volt transformers. Distribution of the
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h80-volt electricity is handled differently for the removal areas

containing processing facilities (BEX, CR TXR, and UR) than for non-

processing removal areas (BR, BYR, and T. From any one of the'25BSR,
CR, TXR, and UR transformer stations,h80-volt lines lead to two buses in

the corresponding tank farm 271 Control House. From the buses under-

ground lines lead to instrument and electrical enclosures in the vicinity
of the process vaults, process stacks, and processing area waste tanks

for final distribution to process equipment.

From any one of the 254-BR, BYR, and Trg Transformer Stations in

non-processing tank farm areas, a 480-volt line leads to a bus in a
motor control station. From this bus lines lead to the instrument and

electrical enclosures above the storage tanks for final distribution to

process equipment.

In the T Area electricity is supplied the Booster Pump Pit and the

accompanying vent-stac: and evaporative-cooler fans from Instruments and

Electrical Enclosure T.101.

fl.ectrical receptacles have been installed at the pump and sluice

pits for each tank containing stored waste within the tank farm. areas.

They are used for tho operation of the scanning motors. Additional

receptacles arc installed at coirrenient locations in the removal areas

(usually at instrument and electrical enclosures) for connection to the
gantry crane.

Emergency powur is supplied at each of the four tank farm processing
areas by an emergency gasoline-engine, 480.volt, 75-kw. generator. This
generator is portable and is installed at the processing area before

removal operations are started. It is connected during emergency periods

by a bus-interlock system to a portion of the load normally carried by
one of the 480-volt 271-Control House buses. Included in the emrrgency
load are emergency lighting, thu agitators for process vault vessels, and
stack fans. Since the emergency generator does not start up automatically,
power is not available for a short time following interruption.

Lighting for the 271 Control Houses and outside floodlighting is

provided by transformers in the control houses.

All electrical pumps and motors serviced by a process area may be
operated from the 271 Control House. In addition, the pumps and motors

in the TR, EMY, and BR Areas may also be operated at the local motor-
control stations.

7.5 Compressed air

All the instrument and process air for the waste tank farms is sup-

plied from the 271 Control Houses. Installed in each control house are

a three-inch air compressor, a supply tank, two filter units, and two

drying units. Both the process and instrument air is submitted to the
same compressing, filtering, and drying procedure. The instrument air is

supplied at 100-lb. pressure to a 1-in. header in the instrument and
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electrical trench. Pressure-reducing valves, installed at each
instrument, supply 30-lb. air for the various instruments (e.g.,
recording ring balances, weight-factor instruments, air alarms).
Process air, used principally for the blowing of process and sump
jets, is supplied at 100-lb./sq.in. pressure by a 2-in. header.

7.6 Sanitary sewer system

The .tank farm sanitary sewer system handles only 271 Control House
waste. For each Control House there are two systems, one draining
through a 6-in, line to a septic tank and the other through a 6-in.
line to a drainage ditch or crib (only TX drains to the existing
241-TX Crib). The drainage system to the septic tank includes the
floor drain in the locker rooms; the floor drain, waste closet, and
lavatory in the toilet room; and the electric water cooler and sink
drains in the lunch room. The drainage ditch services the mechanical
equipment room which includes two floor drains, two funnel drains,crr_ and two floor clean outs.

7.7 Process sewers
'n

The cooling water discharged from the cooling coils in the blend
tanks is sent to an open ditch in the vicinity of the tank farm
processing area through a 6-in. line from the 244 Process Vault. One
exception to this is the TfR processing area from which the Blend
Tank cooling water is discharged to the 231 Building ditch.

8. Uranium Removal Area Ventilation

8.1 Waste storage tank ventilation, portable stack and fan

When removal operations are carried out in the individual storagetanks air is circulated through the pump and sluice pits to prevent theoverheating of electrical motors. To insure a normal flow of air fromthe pits into the storage tanks prior to sluicing operations portablefan and stack assemblies are installed at the tank on concrete padsnext to an existing ventilation hatchway. Air in passing into thetanks first enters the pits through cover block slots, then into thetanks through equipment.access risers4  Air is exhausted from the tanks
passing first through a glass-wool, canister-type filter installed inthe ventilation hatchway then through the fan to the stack. Approxi.mately 110 cu.ft of air/min. is discharged from the 26-ft. high steelstacks (h-in. "a.).

8.2 Process Tank Vault ventilation, 291 Vent Stacks

The tank farm processing area 291 Vent Stacks and Fans exhaustboth the 244 Process Vault ventilation air used to remove the heat fromthe Vault motors and the process gases evolved in the Blend Tanks andSlurry Accumulator Tank.
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Ventilation air is supplied to the vault through a 30-in. asbestos

cement duct from a preheater, filter, and air-washer installation near
the vault. In the summer the air is cooled by the washer unit and in
the winter it is heated slightly to prevent freezing of the filters.
From the main line, smaller branch lines supply the slurry accumulator
pits, the blend tank pump pits, and, where installed, the nitric acid
tank pit and the process pump tank pit. Air from the vault is exhausted
through a glass-wool stack filter. and an 18-in.-diameter 50-ft.-high
stack as discussed in Chapter XII. The tanks themselves are vented
first through a glass.wool process.vent filter before they are sent to
the stack filter.

8.3 271 Control House ventilation

The heating and ventilating unit for the 271 Control Houses is
located in the mechanical equipment room. The blower, pre.heateri and
re.heater coils are located inside the building while the evaporative
cooler unit, used during the summer months, is located outside the build.

Ci ing. Air is supplied to the various rooms through sheet metal ductwork.
During the winter a portion of the air is recirculated (700 cu.ft./min.).
An exhaust unit with a rated capacity of 1430 cu.ft./min. is located on
the roof.

9. Diversion Station 241WR

The 241J Diversion Station is a concrete vault 128 ft. long and
66 ft. wide containing nine permanently installed 50,000-gallon tanks.
As indicated on Figure III-17,each of the tanks is in a separate 24-ft.-
square concrete pit with a row of five "hot" tanks containing highly
radioactive feed and waste solution. (TKXWR-Ol through TL.MR-0O5) sepa-
rated by a 3-ft. concrete wall from the row of four tanks containing
slightly radioactive condensate and recovered nitric acid (TK-M-006
through TK.ME-009). Above the "hot" tanks, running the length of the
vault, is the "hot" pipe tunnel which connects with thB underground
pipe trenches. Above each of the "hot" tanks are equipment pits, sam-
pler pits, and instrument and sampler access shafts.

The "hot" tank pumps and agitators are mounted in the equipment
pits above the "hot" tanks and attached by jumpers to wall connectors.
These pumps and agitators may be remotely replaced using a gantry crane.
Two-foot.thick stepped cover blocks above the equipment pits protect
operating personnel from radiation,,

On the top of the vault above each of the sampler pits are installed
sampler shelters. In these shelters sampling equipment may be stored.
The sampler shelters above the "hot" tanks must be removed before the
gantry crane may be maneuvered ab-ove the equipment pits.

A concrete wall separates the four slightly radioactive tanks
(WR-oo6 through WRo09) from the pump pit. The pumps at the bottom of
the pit, connected by lines to the low points of the recovered nitric
acid and condensate tanks, may be reached by a stairway from the top of
the vault. Conventional piping is used in the pump pits since contact
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maintenance may be made at controlled work conditions. From the pump
pit, equipment and valves in the tank pits for tanks WR-006 through
WR-009 may be reached through access doors.

"Hot" waste solution received in Tank WR..001 from the 221.U
Building and the 291-U Stack drain may be pumped to ultimate storage
in the tank farms of the East Area, through Diversion Box 241-.t-154
or to tank farms of the West Area through Diversion Box 241-.TX-.155.
All feed solution from the dissolution facilities at both the East
and West Area tank farms is received in Tanks 002, 00.3, 004, and 005
through lines from Diversion Box 241-UX-154. The four feed tanks are
inter-connected so that blending may be accomplished in the vault.
Feed may be routed through pipe-trench lines to the feed receivers,
TK-3.1 and TK.3-6, within the 221-U Building.

Nitric acid, received in TK.006 from the recovery facilities in
CU) the 224..U Building or from the storage tanks in the 211-U Tank Farm,

may be routed to HNO3 storage tanks at the tank farm processing vaults
C3 through Diversion Box 241-UX-154 for East Area processing vaults and

Diversion Box 241.TX-155 for West Area processing vaults.

Condensate is received in Tanks WR-007, 008, and 009 from the
C71 221-U Building through a line from the 221-U Counting Box. After

sampling, the tanks may be discharged directly to the 216-WE Crib,
routed to the Waste Utility Holdup. Tank 4-6 in the 221.U Building
for reworking, or sent to the East Area 216.ER Crib through Diversion
Box 241-UX-a54.

With the exception of Waste Tank WR-.001, all vault tanks are
serviced by a cold chemical line from the 271.U Building.

9.1 241-WR Service facilities

Raw water is supplied the 241-WR Vault through a 2-in. under-.ground line from the 221-U Building. It is used as seal water to
the pumps for Tanks WR-006 through 009 and is supplied to the vault air
conditioning and heating units and the safety showers. Piping is alsoinstalled within the vault to permit the spraying of equipment, sampler,
and tank pits in the vault. Spray rings are also installed around the"hot" tank pumps and agitators to permit decontamination as the equip.ment piece is removed from the equipment pit. The lines leading tothe various spray nozzles are not permanently piped to the water supplybut terminate above ground. When spraying is necessary, the properline is connected by hose to a supply outlet,

Steam at 225-lb./sq.in. pressure is fed to the 241-R Vault througha 3-in. line leading from the 1-in. main Redox-282JW Powerhouse line.A pressure-reducing station at the vault reduces the steam to 125 lb./sq.in. for distribution within the vault to the various sump jet gangvalves and the OR-001 Waste Tank. At the two vault air conditioningand heating units,local pressure-reducing valves supply low-pressuresteam to the heating coils.
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Process air is supplied at 100 lb./sq.in.ga. through a 1-in. line

from the 221-U Building (271-U Compressor). At the vault,air is
distributed to the various gang valves by lines leading from a 1-in.
lliie in the instrument and electrical trench.

Dry instrument air is supplied to the vault through a 1/2-in.
line leading from the 221-U Building (271-U Compressor) to the Instru-
ment Enclosure at the vault. In the Instrument Enclosure the air is
reduced to approximately 20-lb./sq.in.ga. pressure. A portion of the
20-lb. dry air is distributed directly to the various transmitters while
the rest is humidified, by bubbling through an Instrument Enclosure
tank, for distribution to the dip tubes in the tanks.

Electricity is received at the 25b-WR Transformer Station adjacent
to the north corner of 241.WR through a 2400.volt underground line from
Substation 252-W-2. The 480-volt electricity from the 2100/h80-volt
transformer is distributed from a 254-MR bus to the various vault pumps
and motors through line- in the instrument and electrical trench. Cur-
rent for vault lighting is supplied by a 480/120-240 volt transformer

-7 in the Instrument Enclosure. Vault motors may be operated from either
the Instrument and Electrical Enc]osure or from remote push-button
stations at panel boards "UC-UD" and graphic panel boards "A" and "B"

M in Building 221.U.

The gantry crane is connected to a 480.volt receptacle located near
the gantry crane rails.

9.2 2l-WR ventilation

The ventilation of the 241..MR Vault is accomplished by means of two
separate systems: one servicing the side of the vault containing the five
"hot" tanks and the other servicing the "cold" side containing the recov-
ered nitric acid and cribbEble condensate tanks.

LM heating and evaporative cooler installation on the southeast
side of the vault delivers a total of approximately 3000 cu.ft. of air/min.
to an underground main duct supplying the "hot" side of the vault, From
the main duct,air is distributed to each equipment pit above the "hot"
tanks. The air then passes around the pump and agitator motors before
passing through the air shafts into the tank pits, From the pits the
ventilation air and the gases from the tank vents (vented to the vault)
pass into an exhaust manifold which leads underground through a 30-in,
line to the 291.U Sand Filter for eventual discharge from the 291-U
Stack.

The "cold" side of the 2iJl-R vault is supplied 3600 cu.ft, of air/min.
from an air conditioning and ventilating unit located at the middle of
the northwest side of the vault. Air from the conditioner is discharged
into the "cold" pump pit from which it enters the pits for Tanks WR-006,
007, 008, and 009. Air is discharged from each of the pits into a mani.
fold above the vault, This manifold leads to a local exhaust fan and
18-in.-diameter stack (291-R) for disposal to the atmosphere.
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C. TBP PLANT

1. TBP Processing Building, 221.

1.1 General building layout

The TBP Processing Building, 221-U, is a reinforcedconcrete
building of rectangular construction 85 ft. long, and 68 ft. wide..
The building is oriented on a northeaat.-southwest axis as indicated
on Figure XIII-18, The building consists mainly of the canyon, and
four galleries (Operating, Pipe, Electrical, and Crane Cab), running.
most of the length of the building. Included as a part of the Can-
yon are the "hot" pipe trench, ventilation duct, and cell drain
lines which also run most of the length of the building. For a
typical cross section of the building see Figure XIII-19.

In the cells of the Canyon are located the vessels which process
the highly radioactive solutions entering the TBP Plant from the
201-WR Diversion Vault. These "hot" facilities are separated from
the Canyon Service Area and the four "cold side" galleries by massive
concrete shielding. Operation of the equipment within the Canyon cells
is accomplished remotely from the Operating Gallery while maintenance
of the equipment ia accomplished using the remotely operated Canyon
crane.

Along the northwest side of the building are the 271-U Service
Building, the 21f..U and 211.AU Chemical Tank Farms, and the railroad
entrance to the Canyon. Adjacent to the southwest end of the build.
ing is the Organic Treatment and Storage Building, 276..U.

1.2 Canyon

The Canyon consists of 40 equipment cells (20 forty.foot sections)
arranged in a single row running the length of the building. Heavy
concrete shielding walls 10 ft. 10 in. thick separate the cells from
the Electrical and Pipe Galleries. The Operating Gallery is separated
from the Canyon Service Area by 7 ft. of concrete and the Crane Cab
Gallery is protected by a 5-ft. concrete wall. The cells are separated
from the Canyon Service Area (except the concentrator cells which
have 2-ft. 6-in.-thick blocks and the RA Column cells and Cell 40 which
have specially designed blocks with a minimum thickness of 2 ft.) by6 -foot-thick concrete cover blocks which are stepped on the sides to
eliminate a direct air path for radiation. Since additional piping
has been included in the hot "pipe trench to accomodate the TBP process,it was necessary to reduce the thickness of the trench cover blocksto 2 ft. At the northeast end of the Canyon, entering the plant at
Cell 3 is the Railroad Tunnel which is used for bringing equipment into
and out of the building,

1.21 Cells

The standard canyon cells are rooms 17 ft. S in. long, 13 ft. wideand 22 feet high separated from one another by seven-foot concrete walls,
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All lines which service the cells are buried in concrete and terminate
in a row of connector flanges on the cell walls 9 ft, below caron deck
level. Equipment is placed on the cell floor and held in position by
guides built into the cell, thus establishing a standard relationship
between the connector flanges and the vessels which makes prefabrication
of the vessels possible. The functions carried out in the various cells
are listed in the table below. The equipment arrangements together
with the services supplied by -the various connectors for Cells 5 through
40 have been shown on Figures-XII-I.20 through XIIL-2. No arrangement
diagrams for Cells 1 through 4 are included since these cells are not
used to house process equipment.

Cell Functions

Section

I
2
2

3

14
5

6 and 7
8

9 and 10

11
12
13
13
14
15
16
17
17
18
18
19
19
20
20

Cell Function

1 and 2 Equipment storage
3 Railroad tunnel
4 Empty cell (normally used in the

BiPO4 process for storage)
5 and 6 Feed receiving

7 Feed utility holdup
8 Waste utility holdup

9 and 10 Sump and aqueous and organic
sump holdvp

11,12,13, and 14 Feed concentration
15 and 16 zpare concentration facilities

17,18,19, and 20 Uaste concentration
21 Waste sampling
22 Waste neutralizing

23 and 24 Waste sampling
25 Waste sampling
26 Waste surge storage (RAW..R0W)

.27 and 28 Feed clarification
29 and 30 Product sampling
31 and 32 Product receiving

33 RC Column facilities
34 RA Column facilities
35 RO Column facilities
36 RAX feed storage
37 RC Column facilities
38 RA Column facilities
39 RO Column facilities
4o RAX feed storage

li, some instances process lines flow directly through the wall to the
adjacent cell in the same section. Since there are expansion joints
between sections of the building, there are no direct through-the-wall
connections from section to section,and transfer of process solutions to
other sezctions within the building must be handled through the"hot"pipe
tr3nch.

DECLASSFED

H0140W



DECLASSIFIED

Cells 34 and 38 have been remodeled to house the RA Columns. For
hydraulic reasons (cascade flow of RAU into the RC Column) the top of
the RA Column has been placed 3 feet below canyon deck level and the
cell design indicated on Figure XII.-31 was adopted to cover thecolumn. To eliminate possible low points in the connectors leadingfrom the cell wall to the top of the column and to permit drainage ofcold process and instrument lines to the columns a new row of connectorswere installed on the gallery side of Cells 34 and 38 approximately6.5/8 in. above the normal canyon deck level.

The cell drainage system is similar to that used in the B and TBiPO4 Plants. Each cell slopes to a corner drain which drops into the24-in. tile sewer running the length of the building and emptying intoTank 5-6 of "Deep Cell" 10. From Tank 5.6 the cell drainage is sentto the tanks of Cell 9 ihere the organic phase is separated from theaccumulated batch;and the aqueous phase, after sampling, is jetted tothe 216-U..l and 2 Cribs. Organic cell drainage is sent to Tank 387in the 276-U Building where it is either treated for reuse or drummedout for disposal.

1.3 Canyon piping
Ca

Most intra-cell solution transfers are made through pipe jumperswithin the cells. Some intra..section transfers are made through pipesin the walls between cells of a section. All inter-section solutiontraisfers are made through the "hot" pipe trench lines. Connectionsbetaeen vessels in the cells and "cold-.side" gallery tanks and instru..ments are made through pipes buried in concrete which terminate inconnectors on the cell walls. In many instances there were insufficientmultiple instrument lines to service the instruments required in a cell.In these cases additional multiple instrument lines were installedin the existing 2-in. process lines.

1.31 Trechpin

All pipes in the trench are sloped to permit proper drainage. Insome cases, because of space limitations within the trench, a headersystem was adopted. In cases where headers are used, flow from severaltanks is directed through the header to a common receiver. The variouspipe trench headers together with their process functions are listedin the following table:
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Header

Vessel Vent

Condenser
Vent

Feed Utility

C'n

Waste Utility

RAW Header

ROW Header

Steam Con-
densate

Receives
From Process
Vessels

All cell tanks
except conden.
sers

All concentra.
tor condensers

Feed Conc. Feed
Tanks 6-6 and
7.6; Waste Sample
Tanks 11-., 12-1,
12.6, and 13-1;
RCU Sampler
Tanks 15-1 and 15
RAF Feed Tanks
17-6 and 19-6

Aqueous Sump
Tank 5-2;
Spare Conc.
Receiver 8-7;
Waste Cone. Feed
Tanks 9-6 and
10-6;
Neutralizer Tank
11-6

RAW Receivers
17-7 and 19-7

R() Receivers
1&3 and 20-3

All five evapor-
ators

Discharges
Into

Blower Pit,
(outside
building)

Blower Pit
(outside
building)

Feed Utility
Holdup 4-1

r

Waste Utility
Holdup 4..6

Pooled RAW.ROW
Receiver 13-6

Pooled RAWJOW
Receiver. 13..6

24-in. Utility
Header (outside
building) to
Retention Basin

Size

Sections From
and to which

Header Extends

6 in. 20 to 1

2 in. 10 to 1

4 in. 19 to 4

3 in. 11 to 4

3 in. 19 to 13

3 in. 20 to 13

6 in. 6 to 10

1.4 Galleries

The Electrical, Pipe, Operating, and Crane Cab Galleries are located
at progressively higher levels on the northwest side of the Canyon. The
Operating and Pipe Galleries are 14 feet wide and run the length of the
building. The Electrical Gallery is also 14 feet wide but it extends only
from Section 3 to Section 20.
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The Operating Gallery is the control center for the cell equip-
ment. It contains the three graphic panel boards. from which all
major process flows may be. controlled, and local panel boards from
which infrequent routings or emergency routings are controlled. In
addition the Operating Gallery containsrweigh tanks which receive
solutions from the headers in the Pipe Gallery and discharge their
solutions to the appropriate cell vessel connections in the Pipe
Gallery. An SWP and decontamination room has been installed in the
portion of the Operating Gallery from Cell 1 to Cell 3. The equip.
ment layout for the Operating Gallery is shown on Figure XIII..26.

All cell piping except process traiisfer lines is brought up to
the Pipe Gallery, terminating in connections on the wall. From the
various chemical headers in the Pipe Gallery, connections are made to
the weigh tanks and control boards in the Operating Gallery. Remote
maintenance is not required in the galleries so conventional piping
methods are used and the piping is not buried in concrete. Electrical
and stema distribution lines are also located in the Pipe Gallery.

The Electrical Gallery contains principally the main electrieal
lines and the electrical distribution centbrs for the building, The
main steam line also enters the building through- this gallery.

1.5 221-U Building service facilities

1.51 Water

Raw water is supplied to the 221-U Building through the feeder
line (originally installed for the BiP04 Plant)entering the building at
Section 20. The main raw water header is located in the Operating
Gallery and a cell spray header is located in the Pipe Gallery. The
raw water is used for cooling coils and jackets on process tanks and
condensers, and services the cell spray system.

The sanitary water line enters the 221.U Building at Section 20
in the El.ectrical Gallery. The system provides water 'for safety
showers,drinking fountains, shower rooms, toilets, fire hydrants, andthe demineralized water unit (271.U Building).

Demineralized water is supplied from the 271-U Building demineraliz..
ing facilities to the various scale tanks in the Operating Gallery
through a header in the Pipe Gallery. It is used in all cases where
water is introduced to process streams (e.g., chemical make-up anddeentrainment column reflux).

1.52 Steam

The 221-U Building is served by two 225-lb./sq.in.ga. feeder linesfrom the 282S Powerhouse. These lines meet south of the 221-U Buildingand a 10.in, line continues on to the Redox Area. The old 10-in. line,capable of carrying 6oooo lb./hr., delivers 26,000 lb./hr. to 22l.Uand the remaining 34,000 lb./hr. to the Redox Plant and the 241-U Tank
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Farm. It enters the northwest side of the 221.U Building at Section 18.
In addition to the 10.n. line, a 1h.in. line which passes along the
southeast edge of the 22l.224.U exclusion area on its way to the Redox
Plant istapped by a line to Section 3 of 221..U, Of the 167,000
lb./hr. carried by the 14-in. line, 57,000 lb./hr. are available for use
in 221.U. The two lines, entering at Sections 3 and 18, are joined by a
header passing through the Pipe Gallery. The pressure within the header
is reduced to 125-b./sq.in.ga. steam by PRV stations at each end of the
header. Local PRV stations serve to further reduce the steam to 15 1b./
sq.in.ga. for those places in the Building where low-pressure steam is
required.

1.53 Electrical system. 221.U Building

Two 13.8KY feeder lines lead from the 251 Station to an outdoor
substation (252.W-2) in the vicinity of the 221.U Building. The sub-
station has two transformers, each large enough to carry the load of
all projects in the vicinity of the 221.U Building. From the substation,

5-i two underground 200.volt feeder lines lead to two 2400volt buses in
the Electrical Gallery, entering the building at Section 12.

The electrical system inside the building from the 2h00-volt buses
to the 480..volt and 110/220-volt transformers and distribution centers
is almost identical with that originally installed. Lines leading from
the 221-U Building supply the 480.volt and 110-volt electricity used
in the 271-U Building, 276-U Building, 211.U and 211.AU Tank Farms, and
the Blower Pit. To insure a compressed air supply at all times the power
supply for the 125-hp., 2h00.volt, 271-U Building air compressor was
switched from the normal 2t00volt bus to the 200-volt emergency bus)
which receives power from the 282..W Powerhouse. Also supplied by the
2L&O1volt emergency bus are the vent blower and the solenoid door-lock
systems. The original lighting system is used with extra lighting provided
at the Operating Gallery graphic panels, Lighting for the new 211.AU
Building is provided from existing Panel "E" (one of 10 panels, A through
J). The building also has a battery-operated emergency lighting system
which turns on automatically in the event of failure of the regular and
emergency power services.

1.5k Qompressed air

Compressed air at 80 lb./sq.in.ga. is supplied for process use by the
air compressors installed in the 271.U Building through -the distribution
header system originally installed in the building. This process air
is used where air sparging is required or where coils and jackets require
blowing before steam or water is admitted. Gang valves are blown with
process air after process transfers to prevent possible suck-back of "hot"
liquids caused by steam condensation in the transfer line.

Instrument air at 15 lb./sq.in.ga. is supplied through the distribution
and pressure.reducing system originally installed from the -air compressors
installed in the 271-U Building; Both humidified and dry instrument
air is supplied. All purge lines leading to process instrumentation in the
cell vessels are supplied with humidified air to prevent crystallization
and build.up of salts on dip tubes which are in contact with process liquids.
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Panel board relays are supplied with dry air to minimize corrosion.
Humidification of instrument air, where required, is accomplished in
humidification tubes,located behind the panel boards in the Operating
Gallery, by either percolating dry air through water or mixing dry air
with low pressure steam.

The compressor is supplied from the 2t00,volt emergency bus in
the 221-U Building.

1.55 Sewers

Three different sewage systems have been installed for the
221..U Building to handle the various wastes encountered.

Cooling water from process vessels and low-activity cell drain..
age are discharged into an existing 24-in, process sewer line running
along the southeast side of the building. This line leads to the
Retention Basin where it is monitored for radioactivity before dis..
posal to an open ditch.

The sanitary sewer system is used as originally installed.
Drainage from sinks and toilets is carried via the sanitary sewer
line on the northwest side of the building to a tile field west of the
exclusion area.

The chemical sewer systemt handles the scale ta k drainage and
gallery floor drains as well as the ,271 Building' fluor drains. The
various acid-proof, stainless steel pipe, branch lines discharge into
a 12-in, tile line on the northwest side of the building. This tile
line runs south along the building to join the line from the 222, 224,and 222-U Buildings for eventual disposal in an open ditch.

1.6 221-U Buildin ventilation

The 2214U Building has two separate ventilation systems. Onesystem ventilates the process equipment area, while the other ventilates
the operating areas,

As indicated in the Ventilation Diagram on Figure XIII.29,ventilation of the process equipment areas is accomplished through theuse of ten separate air filtering and washing units (4500 cu.ft./min.
capacity) distributed along the Operating Gallery proper. The freshdustfree air is fed to the crane cabway from which it flows into thecanyon proper. The air then flows past the cell cover blocks intoeither the cells or the pipe trench, then through 10-in, terra cottaducts from each cell or section of the pipe trench into the 4-ft. by 6-..ft. ventilation duct which is connected to the 291-U Building facilities.In Sections 5, 17, 18, 19, and 20 which contain organic solutionsspecial provisions have been made to insure positive circulation fromthe top to the bottom of the cell. A stainless-steel header with severalsmall inlet ports has been installed at cell floor level. These headersconnect to the 10-in. terra cotta ducts leading to the large ventilation
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duct. In Cells 21, 13, 15, 17, and 19 piping has been installed to
allow pressure relief pot vapors to discharge directly into the vent
outlet.

The exhaust ducts are adjusted to maintain the proper pressure
balance in the system and permit a minimum of 4, 8, and 6 air changes
per hour for the pipe trench, organic cells, and other cells, respectively.

The Operating Gallery ventilation is accomplished by feeding fresh
dust-tfree air from ten h5o cuft./mn. air filtering and washing units
distributed along the Operating Gallery proper as indicated in Figure
III-30. Some air is also supplied to the Operating Gallery from the

adjoining 271- Building. From the Operating Gallery the air flows through
gratings in the floor to the Pipe Gallery. Air is exhausted to the out-
side from the Pipe Gallery by nine exhaust fans. The Electrical Gallery

C2-3 receSres about 509Q cujft./min.. of air through a duct from the 271.U
Building ventilating system. This air is exhausted from the Electrical

cm Gallery to the outside by three exhaust fans4  The static pressure in the
Pipe and Operating Galleries is about 0.02 inches above atmospheric
while in the Electrical Gallery it is 0.01 in.

At Sections 1 and.2 the Operating Gallery has been partitioned off
(and grates connecting with the Pipe Gallery have-been closed off) to
provide SWP and decontamination facilities. The duct lines fran the
Section 14500 ou.ft./min. blower have been divided so that 1000 ou.ft./
min, are supplied to- the Pipe Gallery, 1500, cu.ft./min. are supplied to
the Operating Gallery, and 2000 cu.ft./min. are supplied to the SWP and
decontamination facilities (see Figure XIII29). The entire 2000 cu4ft./
min. is exhausted from the SWP area through the exhaust fan for the hood
in -the decontamination station.

The process vessels are vented to either the condenser vent header
(5o cu.ft./min., 4o in. H2 0 vacuum) or the vessel vent header (200 cu.ft./
min., 10 in. H20 vacuum). These pipe.trench' headers are connected to the
newly constructed blower pits leaving-the building at Cell 6. The vent
gases are sent through entrainnent eliminators in the blower pits before
they are discharged into the main ventilation tunnel by mechanical
blowers. (For a description of the 291.U Stack facilities see Chapter
XIII.)

2., 271U Building

The 271.U Building is a four-story concrete building approximately
160 ft. long and 48 ft, wide attached to the 221-U Building. It is
used for the preparation of the process chemicals used in the 221-U
Building and as administrative headquarters. The layout of the building
is shown on Figure IIIL-27.

The basement of the 271-U Euilding is used for the storage of some
solid chemicals (e.g.,Na2 SO 4 ). It also contains instrument shops,
maintenance shops, 271-U ventilation equipment, and the compressed air
equipment which supplies the 221, 222, and 224-U Buildings.
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On the first floor are change room facilities, offices, and
additional solid chemical storage space. Included on the second floor
are offices and the nerve center of the 221.U Building operation, the
dispatcher's office. The dispatcherts office contains the cozmmnica.
tion facilities for controlling the movements of personnel and materials
in carrying out the operations in the 221.U Building. From the dis-
patcher's office all magnetically locked doors giving access to the
canyon area- are controlled.

The third floor of the 271-U Building contains facilities for
the preparation of, and temporary storage of, solutions used in the
process. The third floor also houses water demineralizing equipment,
solid ferrous ammonium sulfate and sulfamic acid bays, and a small
chemical control laboratory.

OnC the roof of the 271..U Building is a large (10 ft. by 14 ft.)
demineralized water storage tank. It may be filled directly from the
third floor demineralizer or from the storage tanks in the 211..U Tank
Farm.

TBP, delivered to the 271..U loading dock in drums, is pumped
from the drum to the storage tanks in the 276.-U Building through the
221.U Pipe Gallery.

3. Dry Chemical Warehouse 275-UR

Building 275-UR, located adjacent to the 2714-U U0 3 Warehouse,
northwest of the 271-U Building, is a frame building mounted on a
60-ft. 6-in. by 50-ft., concrete slab. It is used as the receiving
station and bulk storage facility for dry chemicals (e.g., sodium
sulfate,.sulfamic acid, ferrous ammonium sulfate).

4. 211..U and 211-AU Tank Farms

The 2114U and 211.AU Tank Farms serve to store the bulk liquid
chemicals received in tank cars (or trucks) until needed. There are
25 tanks in the farms. Included are three 60% HND3 Sample Tanks
and nine 60% HND 3 Storage Tanks capable of storing approximately
1,200,000 gallons, nine 50% NaOH Storage Tanks capable of storing
approximately 450,000 gallons, two RAS Storage Tanks capable of stor-
ing approximately 6,200 gallons, and two Demineralized Water Storage
Tanks capable of storing approximately 25,000 gal.

Facilities are included in the 211 Tank Farm Area for unloading
HND3 , NaOH, and organic diluent tank cars, The acid and base arestored in the 211 Tank Farm while the organic diluent is pumped
through 221-U Pipe Gallery lines to the 276-U Building for storage.

A schematic drawing showing the storage capacities of the tanksin 211.U and 211-AU is included in Chapter I.
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5. Solvelht Storage and Treatment Area 276-U

The 276-U Building,located at the southwest end of the 221-U Build..
ing, is used for the bulk TBP and diluent storage and for the make-up
and treatment of the organic solutions used in the solvent-extraction
batteries, As indicated on Figure XIII..28 the various organic tanks are
mdounted in a 66-ft. 2-in, by 54-ft. 6-in. concrete basin built to hold
the contents of all tanks in case of rupture during an emergency. The
basin contains no floor drains. Leakage from the tanks flows to a sump
from which it may be returned to the tanks, to drum out facilities, or
to the 216..U Cribs.

The tanks in the 276.U Building are connected with the 221.U Build.
ing. by the "hot" pipe trench and the Pipe Gallery. Organic solutions
requiring treatment are routed to the Organic Receiver through the "hot"
pipe trench from the 221-U Building RAX Feed, the ROO Receiver, and the
Organic Surp Holdup Tanks. Organic make-up solution from the TBP and
Diluent-Storage Tanks and treated organic solutions are routed to the
221-U Building vessels containing organic solution through Pipe Gallery
headers. Also running through the Pipe Gallery are lines leading from
the Diluent and TBP Storage Tanks to the diluent car-unloading facilities
in the 211-U Tank Farm and the TBP drum-unloading facilities on the
unloading dock of the 271-U Building. The TBP Storage Tank, TK-381, and
the Diluent Storage Tank, T.-380, are black iron tanks capable of storing
6,000 and 29,000 gallons, respectively.

The 276-U Building facilities are serviced by two joale tanks, 276.-A
and 276-B located in the Operating Gallery at the 276-U end of the 221-U
Building. The 276-A tank measures the aqueous chemicals used during
organic treatment and 276-B measures the small amounts of TBP used to
butt-up or make up process solvent.

D. U03 PLANT

1. Concentration and Calcination Building 224-U

The 224-U Building, originally built to serve as a low-level decon.-
tamination and product.concentration building for the bismuth phosphate
process, has been altered to house the decontaminated uranium solution
concentration and calcination equipment. Since the solutions processed
in 224.-U are relatively "cold", massive concrete shielding is not required.
Maintenance may be carried out by normal procedures performed under care.
fully regulated working conditions.

The building, 200 ft. long and 66-1/2 ft. wide, contains six cells
(A, B, C, D, E, and F)',an Operating Gallery, a Pipe Gallery, and space
below the Ripe Gallery used for offices and storage. For a simplified
224.-U Building layout drawing see Chapter I, Figure I.7. Cells A, B, C,
and D have been separated from Cella E and F by a removable partition
extending from floor to ceiling. As indicated in the equipment arrangement
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drawing (Figure XIII--32), Cells A, B, C, and D, have been modified to
house the equipment required for concentrating the Redox and 221.U
Building U, solutions to produce a solution suitable for introduction
to the calcining pots in Cells E and F. Also included in Cells A,
B, C, and D are the equipment for fractionating the nitric acid vapors
evolved during concentration and the absorption equipment, in. which
the gases evolved during the calcining operations are converted to
nitric acid. Cells E and F contain the equipment required for the
calcination of the concentrated UNH solutions to produce UO powder.
The equipment required for packaging the U0 3 has been inst ed in
the room (originally considered to be a portion of F Cell for the
bismuth phosphate process operations) which housed the bismuth phos-
phate process F-10. product cage. The calcination pot area (now
designated E and F Cells) has been separated from the packaging area
by a removable partition.

As indicated on Figure III-33, the UO3 exhausting equipment and
calcination pot air exhausting equipment are located outside the
224..U Building. The local stack, exhaust fan, and glass wool filter
assembly (L-12 and X.13) which filters and discharges air from Bag
Filter Y-l to the atmosphere and the Pot Unloading Exhauster X-_4 are
located. on the roof of the 22 4 ..U Building.

In Z and F Cells the concrete floor level between the rows of
calcination: pots has been raised to make the tops of the pots more
accessible during U0 3 removal operations.

Cell C is, built- on- two levels with the flbor of half the cell
built 19 ft. lower than normal cell floor level (see Figure III-32).
For the BiPO4 process the cell was used to house the tanks receiving
process solution front the 221 Building. The lower floor level of the
cell permitted line drainage to the 224-U Building.

In the lower portion of the cell is the Sump Tank,, C-2, in which
drainage from Cells A, B, C, and D, is collected. The floors of the
cells have been sloped to insure drainage of process leakage.

The, Operating and Pipa.Gafleriea run along the northwest side of
the 224-U Building from Cell A to Cell E inclusive (see Figure 1-7).
In the space below the Pipe Gallery, office, storage, lunch room,
ventilation blower, and change room facilities have been installed.

The Pipe Gallery contains the chemical and service facility
(steam, air, water)-headers originally installed for the BiP%
process. Some of the original chemical headert which are connectedto the 211-U Tank Pam and 271-U Building facilities are used tospp demineralized water, nitric- acid, and wash solution.

.The Operating Galler is the control center for the equipmenti A, B, C, and U Cells. It contains the graphic panel board and
the scale tanks thic. receive solutions from the Pipe Gallery headers-and discharge into tb vessel connections in the Pipe Gallery.
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On the second floor over F Cell and the packaging area are the
electrical installations which service the calcination pots in the E and
F Cells. There is no third floor over the F Cell end of the building
(see. Figure 1-7).

1.1 224.U Building service' facilities

1.f1 Water

Raw water is supplied to the 224-U Building at'110 lb./aq.in.
jwessure through an existing 6.in. line from an existing main from the
282.W Building and an 8-in. line extending from the Redox-282.W 20-in.
main, Both lines enter the building at the northeast end. Inside the
building an existing 6-in. header is used. Cooling water for the B and
D Cell condensers is supplied by two 6.in. branch headers connected to
the new 8.in. line.

Sanitary water is delivered to the 22W.U Building at 100 lb./sq.in.
pressure by en existing W.in. line ieading from the 283-X Building. A
shutoff valve is located in office No. I where the line enters the build-
ing. Distribution to the safety showers, drinking fountains,shower
rooms, toilets, and fire hydrants is accomplished using the originally
installed piping.

Distilled water is to be supplied as reflux for the fractionating
and absorption equipment. Sanrtary water is not used since harmful,
extraneous (e.g., C17) ions wou d be introduced. During early 224-U
Building operations, when the building is processing only Redox uranium,
distilled water is supplied through the 2.in. Operating Gallery and
Pipe Gallery headers, which are supplied from the distilled water
facilities on the roof of the 224-U Building. When the 22k-U Building
is operating on the more dilute TBP uranium solutions, the evaporator
overhead condensate collected in Tank C.5 is pumped to the distilled
water storage tank on the roof. It then passes into the header system
discussed above. Distilled water may also be pumped directly from
Tank C-5 to the fractionators.

In case the feed from Tanks Y1l and L.2 to the evaporators is stopped,
distilled water is automatically supplied to the evaporators to prevent
caking of the evaporator tubes.

1.12 Steam

The 22.U Building is. served by an 8-in, take-off line from a new
feeder line which extends from the 282-W Powerhouse to the Redox Area.
The new steam feeder line, which runs along the southeast edge of the
221-224-U exclusion area, carries about 110,000 1b./hr. at 225 lb./sq.in.ga.
at the point where the 224-U building take-off line is connected. About
55,oo lb./hr. is supplied to the 224-U Building through the 8.in, line.
The existing 10.in. main from the powerhouse joins the Redox mainisouth
of the 224-U Building. If a break occurs in the 14-in, feeder line from
282-W to 22.-U a limited amount of steam myr be furnished the 22W.U Build..
ing by back-flow from the 10.in, existing main.

DECLASSIFIED
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Three 10,000 cu.ft./min. air washer and blewer units on the roof

above F Cell discharge air through a duct system into the calcination
pot rooms in the vicinity of the pots. Air is exhausted from the pot
rooms through four roof ventilators of approximately 30,000 cu.ft./min.
total capacity.

1.22 Furnace hood ventilation

As indicated on the engineers flow sketch in Chapter VIII an
exhaust fan-L13 discharges approximately 7500 cu.ft./min.* of
filtered air to the atmosphere through a stack on the ronf of the
22W-U Building. The major portion of this air (approximately
6800 cu.ft./min.), passing through bag filters X-l and glass-wool
filter X-12 on its way to the stack, comes from the calcination pot
air ventilation header which services all pots. During the cooling
part of the calcination pot cycle, air is drawn beneath the pots. When
pot cooling has been completed and the pot is being emptied the air
flowing beneath the pots is diverted by a damper arrangement so that
air flows across the top of the pot thereby minimizing the spread of
U0 3 into the room.

1.23 Process vessel venting

With the exceptions of Tank C.3 and the absorber T-.A-l all A, B,C,and D process vessels are vented directly or by connection with
other process vessels to the existing 24-in. terra cotta pipe which dis.
charges into the main 221.U Bui. ling ventilation tunnel at the Cell 40
end of the building. The B and J Cell evaporator seal pots, if blown,
discharge gases through 8-in, lines through the roof. The A Cell
Absorber T-A-1 and Tank C-3 are vented by a jet line through a local
stack and filter on the roof of the 224-U Building.

2. UNH Solution Storage Buildings 203.U and 203-UX

2.1 Building 203-U

Two 100,000-gal.,25-ft. by 30-ft., agitated stainless steel tanks
have been installed in an 82-ft. by 47-ft. concrete basin (203-U)
behind the 224-U Building (see Figure XIII.18). These tanks, X.l
and X-2., store uranium solution from the TBP and Redox processes until
it is pumped to the concentrating equipment in the 224-U Building.
The tanks are heated and the process lines leading from the building
are steam traced (or electrically heated) to prevent crystallization
of the concentrated solution during cold weather. The building is
serviced by the 22-U Building steam, vmt, power, at, and waterfacilities. The basin sump is connected to the existing 10-in. lineleading to the retention basin and the vont lines are connected to theexisting 24-in. terra cotta line leading to the 221-U Building
ventilation tunnel.

*) Air flows are at standard temperature and pressure unless stated.
Actual air temperatures may be appreciably above standard.

DECLASSIFIED
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2.2 Building 203-UX

The 203-UX Building, adjacent to the 224-U Building D Cell, is a
concrete- basin 18 ft. 6 in. long and 13 ft, wide covered by a shed roof
attached to the 224.U Building. The basi houses two tanks, X-19 and
X..20. Tank X-19, 9 ft. by 9 ft., is used as a catch tank for Evaporator
Df-2, and as a pump tank for the UN loop header when both the TBP and
Redo: Plants are operating. (During the iritial period then Redox
alone- is operating, Tank C-1 will supply the UN loop header.) Tank
..20, 4 ft. by 5 ft.,. is used for storage cf off-standard uranium solu.

tion received from the calcination pots. From X-20, solution may be
sent to the 203-U storage tanks for 22j.U Euilding reworking or to
Tank 4.1 (through TK-G-2) in the 221-U Building for solvent-extraction
process reworking. Air, steam, and electricity are supplied to the
203.UX Building from the 224.U Building. Steam condensate is routed
to the existing 10..in. main leading to tbE retention basin and the
vessels are vented to the 24-in terra ccita main.

3, UO3 Warehouse, Bualding 2714

The 2714.4U Building, located northwt nt of the 271-U Building, is
used for the storage of U03 prior to off..nite shipment. The building is
a frame structure mounted on a 60-ft. by IC-ft. 7.3/4 in. concrete pad.
Pallets holding four approximately 1000.3b, UO3 drums are delivered from
the 224..U Building by a fork truck and stcred in bays until released for
-off.site shipment. The warehouse is capzbe.o of storing approximately
300 drums with one drum layer. The fork trucks are used for car loading,
passing up a concrete ramp leading direct 4 into the railroad cars.

DIN~~too
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FIGURE 3- 7
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FIGURE XE- 8
PLOT PLAN, 241-C TANK FARM
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FIGURE fl-10
PLOT PLAN, 241-TX TANK FARM

(FROM DWG Ng H-2-40291)
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FIGURE ZI - II
PLOT PLAN, 241-U TANK FARM
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FIGURE XM- 5
PLOT PLAN,241-B TANK FARM

(FROM DWG. N2 H-2-40240)
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FIGURE 111- 6
PLOT PLAN, 241-BX TANK FARM

(FROM DWG. N2 H-2-40239)
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FIGURE fl- 19

CUTAWAY VIEW OF 221-U BUILDING

(FROM HW-10475, SECT. C, PG. 242)
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FLOOR PLAN AND EIPMENT LAYOUT

t*&W Th. . I

C -- THIRD0 PWOR PLAN

SECOND FLOOR PLAN

' S19 = | " - - - c C a . ,- a .t i am Ja 

BAEETFIot P 6LAN

cNJ Y.

0, 'NO, -CAO TAN AL

W05 "I's Sokgg'ON a . .370
I " RC x SLEND TANK s

,as . EAOa TANK 050
to6 3 A ,C AC*t I&Ks- p a

2w AS rffc 1,K 4100

le 4A001M NAKET Pag 1

DECL.ASSIFPD



DECLASSIFIED
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FIGURE XI-31
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PART III: PLAT AND EQUIRBNT, continued
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CHAPTER II. ENGIURERII FIW DIAGRAMS

A. GEM|AL

1. General Design Considerations

The engineering scope of the Uranium Recovery Plant is illustrated
in Figures XIV-1 throught iXIV-25. These drawings, known as "Engineering
Flow Diagrams", expand upon the basic process flow depicted in the
"Zngineers' Flow Sketches" included in Chapters II, VI, VII, VIII, IX,
and I. The purpose of the Engineering Flow Diagrams, which were pre-
pared prior to the detailed design effort, was to present an accurate
picture of the engineering features of the process upon which design
was to be based. During the development of these design basis plans,
foremost consideration was given tek (a) the utilization of existingO=2 facilities in the most expeditious manner,(b) the radioactive properties
of the materials handled, (c) corrosiveness of the solutions, and (d)
process continuity.

C7_ Since the existing 221-U and 224-U Buildings are utilized in the
Uranium Recovery Plant, equipment design and layout conforms to the
physical limitations imposed by the processing areas of these buildings.
Massive concrete shield walls are provided for protection of operating
personnel from the penetrating gamma radiation. All equipaent that
handles radioactive materials is placed in cells in the "hot", or
canyon, zone and is operated remotely by means of diverse instrumentation.
Since the equipment is not readily decontaminated to allow prolonged
personal contact, the canyon equipment was designed for remote methods of
maintenance, replacement, and servicing. The corrosive properties of
the chemicals used in the process necessitated the use of stainless steel
for fabrication of all tanks, piping, and auxiliaries essential to process
continuity.

A most important factor that influenced the plant design effort is
the continuous nature of the uranium recovery process. Although uranium
removal from underground storage and acidification, blending, and prep-
aration of metal solution prior to entrance into the 221-U Building are
batch procedures, most process streams throughout the feed concentration,
solvent-extraction, waste treatment, organic recovery, and uranium solu-
tion product handling systems flow continuously. Tank sizing and place-
ment in the cells was made, therefore, to conform with good operational
control.

Design Phase I of Project C-362, removal of uranium-containing
solutions and slurries from the TK-U-101, 102, 103 Cascade of the 241-
U Tank Fnrm, involves new architectural features and new construction.
Phase I is illustrated by Figures XIV-1 to XiV-4. Neither Phase II,
facilities for removal of uranium from all other underground storage
tanks, nor Phase III, the cross-country pipeline system for transport-
ing radioactive solutions between the 200-Rast and 200-West Areas, is
illustrated in Engineering Flow Diagram form in the Uranium Recovery

DECLASSIFIED
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Tchnical Manual d Phase I. frgineering' flcoi D14grams are identical in
most respects with Phase I. Phase III is desdribed in Chapter XIII.
Design Phase IV, solventextractiot and related Procedures, bps been
Sote& for existing structures,, 221- and 224-U Buildings, and is illus--
trated by figures 914 to flV-23. Figures XIV-24 and 25 illtstrate the
dalcitation and acid recovery pdrtiona of the 224-U Building, amd al-
tfihugh these olerttions were origimfly defined tWider a different project
(Prdject No. C-361), they are properly a part of the Uranium Recovery
Plant.

Some of the standard symbols used in Figures 1±V-1 through 25 are
listed in a symbol legend shown on Figure nV-1

Some of the general design requirements with regard to equipment
sparing, piping, and valving are discussed below.

2. Spare quipment and Line Policies

With the exception of a spare concentration unit (feed tank, con-
centrator, fractionator tower, cooler, and receiver tank) which may be
utilized for either feed or waste concentration, no spares are installed
for major equipnent pieces that operate either continuously or batchwise.
The designed capacity of the plant, which allows for 20 per cent down-
time, is considered to include adequate spare production capacity in lieu
of installed spare process equipnent.

Because of the large volume of dilute solutions handled in the
uranium recovery process, liquid transfer on all main routings is effected
by pump to avoid further dilution. Generallyy pumps are spared by jets.
Jets are also used for alternative routings and in places where the trans-
fer is not of a routine nature.

Some spare lines in concrete exist in the 221-U Building from "cold"
to "hot" or thot" to " h o t " zones by virtue of the existing building
architecture. The number and potential utility of these spare lines
varies from cell to cell.

3- Piping and Valving

Main process piping is shown on Figures XIV-1 to 25 in heavy lines.
Utility piping and instrumentation lines are shown by either dotted or
light lines. However, Figures XIV-5 to 20 show spare piping in concrete
by means of dotted lines.

Process pipe sizing has been made by conventional, flow-pressure drop
chart methods for the peck anticipated loading conditions, the calculated
pipe size then being rounded to a larger, conventional size. (Since the
2-in. pipe size is the smallest pipe size used - except as noted below -
this results in considerable overcapacity in many instances.) In the
221-U Building, pipe sizing is determined by the existing pipe buried in
concrete. Instrument and sampler lines, in general, consist of 1/2-inch
pipe in bundles of 3 or 4.

DECLASSIFIED
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Process additions are made to canyon area tanks via headers from feed

tanks in the 271-U Building or in the operating gallery. A wash solution
header is provided by means of which wash solution may be routed to feed
tanks and thence to the "hot" vessel. Strainers are provided in process
addition lines.

The only valves utilized in the "hot" zones of the 221-U Building are
flow control valves. In addition, bellows-sealed plug valves have been
employed in some Diversion Box jumpers.

Table SIV-i lists the various pipe codes which appear on the Engineer-
ing Flow Deagrams and indicates the service corresponding to each code.
Valves are designated as to type by prefix letters: G, for gate; GL, for
globe; CV, for control valve; and DO, for diabnphmgoperated. The number
following the prefix letters designates the working pressure, e.g., 1.2
125 lb./sq.in. The second letter, S or 7, designates whether the valve is
screwed or flanged. Thus, GL 1.5 F is a flanged globe valve designed for
150 lb./sq.in. working pressure. Valve Specification EW-3450 should bereferred to for further details.

4* Materials of Construction

Process equiient in the TBP and UO3 Plants is constructed of type
347 stainless steel (or an equivalent in the 300 Series stabilized toward
intergranular corrosion by virtue of a Cb-Ta additive or extra low carbon
content, E.L.C.) unless it is subjected to the combination of elevated
temperatures and contact with process solutions. In this case it is con-
structed of Type 3099 Cb stainless steel (except for the Calcination Pots,
as noted below). Component parts not subjected to welding during fabrica-
tion are constructed of Type 304 stainless steel. (Neither Types 347 nor
3093 Cb require annealing after welding since both are columbium stabil-
ized.)

The Slurry Accumuator Tanks are constructed of carbon steel since
they handle only an alkaline process solution or slurry.

The uranyl nitrate Calcination Pots (see Figure XIV-24) are con-
structed of a special alloy, Esco 40-T, whose composition is approximate-
ly 18% chromium, 12% nickel, and 0.04% carbon. This alloy has been found
to have very good corrosion resistance under the operating conditions con-
templated.

References (4), (C), and (6) are the most important reports on the
corrosion resistance of materials of construction to the process materials
handled in the uranium recovery process.

5. EquiPuent Designation

The methods of designating equi:ment involved in removal of uranium
from underground storage are shown in Figures XIV-1 to 4. The prefix
letter before the vessel number indicates its location. Thus, as shown
on Figure XIV-4, Tank WR-005 is a Feed Receiver Tank located in the 241-
WR Diversion Station.

DECLASSIFIED
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Equipment in the TBP Plant (221-U Building) is designated with a

prefix number denoting the section in which it is located. Viewed from
the operating gallery, each section consists, of a left and a right cell.
Equipment in a left cell is numbered clockwise from the farthest left-
hand corner: 1, 2, or 3 for floor level equipment; 4 for intermediate
level, and 5 for top level. Equipment in a right cell is numbered clock-
wise from the farthest left-hand corner: 6, 7, or 8 for floor level
equipment. For example, TK-7-7 refers to a 221-U Building tank located in
the right cell of Section 7 and positioned as the second clockwise tank
from the farthest left-hand corner in that cell.

Equipment in the U03 Plant (224-U Building) is designated with a
prefix letter denoting the cell in which it is located. Equipment is
numbered clockwise from the farthest left-hand corner of the cell when
viewed from the operating gallery. For example, TK-C-4 designates a
224-U Building tank located in C Cell and positioned as the fourth clock-
wise tank from the farthest left-hand corner of the cell.

The Engineering Flow Diagrams for the TBP Plant, (Figures XIV-5 to
19) indicate the layout of the cells in addition to providing a schematic
elevation view of the equipment. The diagrams for the uranium removal
facilities and the U03 Plant (Figures XIV-1 to 4 and XIV-20 to 25) provide
only a schematic elevation view of the equipient.

B. tEANIUM RFEMvAz, PEASE I(1)(3)

Uranium removal from underground storage has been discussed previous-
ly in Chapter II, and the acidification, blending, and preparation of the
solution for entry into the TBP Plant has been discussed in Chapter InI.

Engineering Flow Diagrams for Phase I removal facilities are present-
ed in Figures XIV-1 to 4. As mentioned previously, Phase I includes the
removal of uranium solution and slurry from the 241-U-101, 102, and 103
Cascade. Included as a part of the Phase I project is the construction of
the 241-U Slurry Accumulator, Blend Tanks, Nitric Acid Tank system and the
construction of the 241-W Diversion Vault. Phase I, illustrated, differs
from Phase II, not illustrated, chiefly in that Phase II provides metal
removal facilities for all other Cascades than 241-U-101, 102, and 103.
Phase II provides three additional uranium removal installations (one each
for the 241-B, BX and BY, the 241-T and TX, and the 241-C Areas) each in-
cluding a Slurry Accumulator, two Blend Tanks, and a Nitric Acid Tank.
(See Chapter II.)

Each of the sludge pumps shown in Figure XIV-1 in each Underground
Storage Tank bas a capacity of 600 gal./min. egainst a head of 125 ft.
when handling material with a specific gravity of 1.2. These pumps will
pass solids of any size that can enter their suction openings. Each pump
discharges through a 4 -in. line into the Slurry Accumulator, TK-T2-001,
Figure XIV-3. These pumps may be raised or lowered on suspension cables,
by means of a winch arrangement, to follow the liquid level as the tank
is emptied.
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As described in Chapter II, slurry is recirculated through sluicing

nozzles in the storage tanks to slurry the sludge. The sluicing pump
located in the Slurry Accunulator is a 600 gal./min. capacity pump which
produces 150 lb./sQ.in. discharge pressure when operating with a 1.2
specific gravity liquid. The sluicing nozzles each have a 1-3/8 in. tip
which will pass 516 gal./min. of 1.2 specific gravity solution at a
supply pressure of 100 lb./sq.in. Each nozzle is capable of remote
adjustment for azimuth and elevation. Provision is made for the attach-
ment of a motor operator to the azimuth adjustment mechanism to cause
the nozzle to "scan" slowly within a predetermined included angle. Slurry
removal operations from the Underground Storage Tanks may be observed by
means of a 2-1/2 power periscope.

A jet is provided for each Underground Storage Tank for the purpose
of removing the heel left in the tank after completion of sluicing and
pumping operations. The jet has a capacity of 100 gal./min. of supernate
against a marina head of 100 ft. when supplied with steam at 100 lb./sq._T_ in.

rn The uranium recovery process employs the Diversion Box technique for
routing solutions between certain vessels before the solution enters the
TBP Plant. As indicated on Figures XIV-1 and 1IV-3, supernate or slurry
must be routed through Diversion Bozes 24 1-tJ-152 and 241-tR-151 before
entering the Slurry Accumulator. Changes in routings may be made by
remote changes of Diversion Box jumpers. This subject is discussed in
more detail in Chapter XIII.

As a general policy, all vessels and equipment handling uranium-
containing solution after it has been acidified in the Blend Tanks,
TM.002 and 003, Figure 1IV-3, are constructed of stainless steel.
Vessels and equipment handling uranium slurry or solution before the
acidification step are constructed of carbon steel.

c. TBp puArT(3)

1. Feed Concentration and Clarification

The feed concentration and clarification facilities in the TBP Plant
(221-U Building) are presented in Engineering Flow Diagram form in Figure
117-5, 6, 7, and 8. Figure 1IV-5 shows a schematic elevation and layout
of the Feed Receiver Tanks, T-3-1 and TX-3-6, which receive acidified
UtE solution from the 24-14a Diversion Vault. It may be noted that the
pump transferring solution to a Concentrator Feed Tank, TK-6-6 or TK-7-6,
is spared by another pump in this instance. Tanks 3-1 and 3-6 are re-
presentative of the "bathtub" type of vessel that is frequently used in
the 221-U Building. This unusual vessel shape has been chosen in order
to provide the mizzain vessel capacity permitted by the architecture of
the cell. It has been considered necessary to provide two agitators to
attain adequate mixing in vessels of this shape.
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Tanks 3-1 and 3-6 both discharge to either of two feed. conoentration

systems, and, in addition, the Feed Tanks are interconnected (via jet
lines) such that either my discharge (via jet line) to the Feed Utility
Holdup Tank, TK-4-1, which is shown in Figure IV-18.

The system of duplicate processing facilities exists throughout the
221-U Building (except- for the waste sampling and neutralizing system).
Each processing line has a designed maximum capacity of 5 tons of uranium
per day at nominal flowsheet operating conditions. Connection between the
lines, permitting the by-passing of certain equipment, is possible at
various points in the process. Generally the components of only one of
the duplicate lines are illustrated and discussed in this chapter, How-
ever, duplicate facil ties (not illustrated) are referred to in the succeed-
ing discussion.

Although the duplicate processing facilities are technically referred
to as Line A or Line B, this distinction has no important practical signif-
icance since many of- the vessels within a processing line are interconnect-
ed with those of the duplicate line, and vessels and equipment of the two
lines are intermixed in their placement in the canyon of the 221-U Build-
ing.

Dilute acidified uranium solution is pumped from the Feed Receiver
Tanks, TK-3-1 and 3-6 (working volume 12,000 gal. each, holdup time
nominally about 10 hours), to the feed concentration system located in
Sections 6 (illustrated by Figures XIV-6 and 7) or 7. Section 7 is not
illustrated since it is a duplicate of Section 6. Dilute feed enters the
Concentrator Feed Tank, TK-6-6, which serves as a pump tank for continu-
ously feeding Concentrat or E-6-1. An alternative routing for TK-6-6
contents is to the Feed Utility Holdup Tank, TK-4-1 (Figure nIV-18).
Vertical space limitations in the Feed Concentrator Cell (Figure XIV-7)
are responsible for the shallow shape of the Feed Cooler Tank, TK-6-2,
since it is gravity fed by the concentrated Concentrator effluent. Vapor
from the Concentrator passes into a bubble-cop Column, T-6-4, wherein
practically all of the nitric acid is fractionated downward and eventually
issues from the base of the Column and rejoins the concentrated feed solu-
tion in TK-6-2. Essentially acid-free vapor overheads are condensed in
Condenser E-6-5 and eventually enter the Condensate Receiver Tanks in the
2414ET Diversion Vault.

Feed solution is continuously pumped from the Feed Cooler into the
Concentrated Feed Receiver, TK-6-7. (The pump is spared by a jet.)

The normal flow pattern is such that feed solution is continuously'
fed to the Centrifuge, G-14-1, from the Concentrated Feed Receiver. How-
ever, Concentrated Feed Receivers 6-7 (illustrated by Figure XIV-6) and
7-7 (not illustrated) are interconnected by jet. In addition, jet-out
lines allow recycle from the Concentrated Feed Receivers back to the
Concentrator Feed Tanks.

The Centrifuges, G-14-1 and G-14-6, and Centrifuge Catch T.nks TIC-14
-2 and T-14-7, for both processing lines are illustrated by Figure nIV-8.
Solution entering the Centrifuge continuously overflows the lip of the
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the bowl and entera the Centrifuge Catch Tank. Solution my be pumped
from either Centrifuge Catch Tank to either RAF Feed Tank, TK-l7-6 or
TK-19-6, and, in addition, jet lines interconnect the Centrifuge Catch
Tanks.

Reference is mude to Chapter III for a more complete description of
the feed preparation procedure. Feed preparation equipasat is described
in detail in Chapter ZXI.

2. Solvent-Extraction

The solvent-extraction facilities of the uranium recovery process
are presented in Engineering Flow Diagram form in Figures XIV-9, 10, and
13. The solvent-extraction procedures are described in Chapter VI and
the solvent-extraction equipnent in Chapters IV and IVI.

Layout and schoatic elevation views of the RAF Feed Tank, TK-17-6,
the RA Column, ZT-17-8, and the RAW Receiver, TK-17-7, are shown in
Figure 17-9. The IA Pulse Column is continously pump-fed from the RAF
Feed Tank (3400-gal. working volume, holdup time nominally about 4 hours).
The aqueous effluent from the HA Column enters the RAW Receiver after
passing a flooded jet (which can be used to empty the HA Column when the
need arises) and the RAW control valve. An alternative routing for the
solution in the RAF Feed Tank is via jet to the Feed Utility Holdup Tank.
RAW solution is pumped to the Pooled RAW-ROW Receiver, TK-13-6, (Figure
nIV-14) through a jet-spared line.

The organic effluent, RAU, from the BA Column overflows- into the RC
Pulse Column, ET-17-2, located in the left-band cell of Section 17. The
equipment in this cell is shown by Figure IV-10. As in the case of the
RA Column, the HC Column aqueous effluent, RCU, enters the RCU Pump-Out
Tank, T-17-3, after passing through a flooded jet and the RCU control
valve. The organic effluent, RCW, from the RC Column overflows into the
RCW Receiver, TK-17-1.

Section 19 (not illustrated) contains duplicate RA and HC solvent-
extraction facilities.

RCW solution from the RCW Receiver is pumped to Section 18 (Figure
XIV-13), where it enters the SO Column, ET-18-2. Aqueous effluent from
the SO Column enters the ROW Receiver, TK-18-3, after passing a flooded
jet and the ROW control valve. A pump-out line (jet-spared) is provided
for transferring ROW to the IEoled RAW-ROW Receiver. The Boo Receiver,
TK-18-1, receives, the washed organic stream from the RO Column and
normally pumps it to the PAX Feed Tank, TK-18-6, (a !'bathtub" type vessel)
which serves as a pump-feed tank for recycling organic extractant as PAX
to the HA Column. Provision is made, however, for jet transferring the
solution in the BOO Receiver to the 276-U Building for special organic
treatment if desired. Treated organic again enters the normal flow cycle
in the SAX Feed Tank. It is also possible to jet from the PAX Feed Tank
to the 276-U Building.
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Section 20 (not illustrated) is a duplicate of Section 18.

3. Uranium Product Handlin

The TBP Plant uranium product handling facilities of the uranium
recovery process are presented in Engineering Flow Diagram form in
Figures XIV-l and 12. These drawings illustrate, in layout and schematic
elevation views, the two "bathtub" type ECU Receivers, TK-16-1 and TK-
16-6, and ECU Samplers, TK-15-1 and TK-15-6. All are 12000-gal. working
volume vessels having a nominal holdup time of about 7-1/2 hours. Each
of the two Receiver-Sampler systems normally serves one of the two
duplicate processing lines. The two Receivers are interconnected by jets.
Normally, however, ECU is pumped to the Sampler Tank -by either of two
duplicate pumps in each Receiver. Either of two duplicate pumps in each
Sampler Tank normally transfers the UNH solution to the 203-U Area. (See
Section D, below.) However, it is possible to jet from either Sampler
Tank to the Feed Utility Holdup Tank for rework.

4. Waste Treatment

The TBP-Plant waste treatment facilities are presented in Engineer-
ing Flow Diagram form in Figures xiV-14, 15, 16, 17, and 19. The "bath-
tub" type Pooled BAW-ROW Receiver, TK-13-6, and Waste Sampler Tank 13-1
(one of four identical Waste Scmpler Tanks) are illustrated by Figure
XIV-14. Figure XIV-15 shows another of the Waste Samplers (Tx-il-1) and
the Waste Neutralizer, T-il-6. Sampler Tanks 12-1 and 12-6 are not
.llustrated. The Pooled RAW-HOW Receiver is provided with four pumps

which discharge into each of the four Sampler Tanks. In addition, the
pump to TK-13-1 is spared by jet. The Sampler Tanks are interconnected
by jet lines so that considerable flexibility is built into the system.
It is possible to jet from each Sampler Tank to the Feed Utility Holdup
Tank. Solution from any of the Sampler Tanks is normally transferred by
pump to the Weste Neutralizer. The Pooled RAW-ROW Receiver, the four
Sampler Tanks, and the Waste Neutralizer are all 12,000-gal. working
volume vessels with a nominal holdup capacity of 5 hours (with the ex-
ception of the Neutralizer, whose holdup capacity is about 4-1/2 hours).
A noteworthy feature of the Neutralizer is the provision for adequate
mixing during neutralization. Two agitators and two recirculation jets
are provided. Neutralized waste can be pumped to either of the two waste
concentration lines which normally serve the process, or to the spare
(waste or feed) concentration line. (The spare concentration line can
serve either the feed or waste system and is usually called the
"spare concentration line".)

One of the duplicate waste concentration lines (located in Section 9)
is illustrated by Figures XIV-16 and 17. Section 10 is not illustrated.
The waste concentration line is almost identical with the feed concentra-
tion system described in C 1 above. The only importcnt difference is that
the feed concentration system embodies a bubble-cop Column for fractiona-
tion of nitric acid from Concentrator overheads, while the waste concen-
tration system utilizes a packed Column for deentrainment of Concentrator
overheads since fractionation is not required. Concentrated, neutralized
waste from the Waste Receiver Tank, TK-9-7 (4500-gal. working volume,
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5-1/2 hour nominal holdup capacity), is pumped (jet spared) to the Waste
Pump Tank, TK-WE-001 (50,000-gal. working volume, 30-hours nominal holdup
capacity), located in the 241-WE Diversion Vault and illustrated by Figure
XIV-23.

The Organic, Deep-Cell, and Aqueous Sump Holdup Tanks, TK-5-1, 5-6,
and 5-2, respectively, are illustrated by Figure 7IV-19. Organic wastes-
are generally routed (via jet), to the Organic Receiver, TK-387, in the
276-U Building. Aqueous wastes my be routed (via jet) either to cribs
or to the Waste Utility Holdup Tank, TK-4-6.

5. Rework Facilities

Rework facilities are generally associated with the Feed Utility
Holdup Tank, T-4-1, which permits either ECU or pooled EAW-EQW waste to

__n be back-cycled through the solvent-extraction system, or with the Waste
Utility Holdup Tank, TK-4-6, which permits waste solutions to be recycled
to one of the waste concentration units for additional concentration.
Both of these vessels are illustrated in Engineering Flow Diagram form by

rn Figure IV-18.

c__ The spare concentration facility (Section 8, 221-U Building) which
can be utilized either for feed or waste concentration, is served by
either TK-4-1 or 4-6. (This concentration facility is similar to that
illustrated by Figures XIV-6 and 7.)

n. u23 pL4M(2)

1. UNE Solution Storage

The MNE solution storage facilities located in the 203-U Area are
illustrated in Engineering Flow Diagram form by Figure 1IV-20. Storage
Tanks X-1 and X-2 (100,000-gal. working volume, 24-hour nominal holdup
capacity) are provided for receiving the dilute RCU solution (about 6%
UNH) from the TBP Plant (221-U Building) and partially concentrated
3EU solution (about 60% UNH) from the Redox Plant. The concentrated,
mixed UNE solution is received in Tank . 1-19, whi6h serves as a feed
tank for the loop header by means of which concentrated UNE solution is
fed to the UNH Calcination Pots. Provision is made, by the use of Tank
X-20, to recycle dissolved material from the Calcination Pots to any of
the three storage tanks. Detailed operating procedures and equipment
for the UNE solution storage system are described in Chapters VII and
ZVI, respectively.

2. UNE Concentration and Nitric Acid Fractionation

Figures XI1-21, 22, and 23 illustrate the UNE concentration system
and its related facilities in Engineering Flow Diagram form. Reference
is made to Chapter VII for a detailed operating procedure for the system
and to Chapter VI for a description of the equipment. Pump feed from
Storage Tank I-1 or X-2 passes through Feed Preheater E-B-6 (not
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illustrated) before dividing into two portions and entering Concentrators
E-B-1 and E-D-1. These duplicate Concentrators (together with their
corresponding Fractionators) are shown in schematic elevation only by
Figure XIV-21. Solution leaving E-B-1 and E-D-1 collects in TK-C-i
(Figure XIV-25) and from there is pumped to Concentrator E-D-2 for final
concentration. E-D-2 liquid effluent flows to Tank X-19, Some of the
concentration auxiliaries are illustrated in Figure I-22. Duplicate
Condensers E-B-3 and E-D-3 both condense Fractionator vapors and feed the
condensate to Tank C-5. Condensate is continuously pumped from Tank C-5
to TK-W-007, 008, and 009 in the 241-4 Diversion Vault. (These vessels
are illustrated by Figure XIV-23.) The liquid effluent from the Fraction-
ator (60% aNo 3 nominally) enters the 60% EN0 3 Receiver, TK-C-4., and then
is pumped to TK-V2-006, Nitric Acid Pump Tank, in the 241-W Diversion
Vault. (See Figure iV-23.)

3. Calcination and. Acid Recovery

Engineering Flow Diagrams for the calcination and acid recovery
operations in the 224-U Building are shown by Figures XIV-24 and 25.
Reference is made to a detailed discussion of the procedures employed
in operating these facilities given in Chapters VIII and IX. Equilment
is described in Chapters XVI and XV1II. Figure XIV-24 shows the Calcinaw t

tion Pot Boom with its eighteen, electric-furnace-heated Calcination Pots.
The loop header, PS-3-25, which delivers highly concentrated UNE solution
to the Pots is lagged and heated to prevent "freezing" of the solution.
The fume exhaust system, PS-E-24, for the Pots delivers nitrogen oxides
evolved during UNE dec'nposition to Gas Cooler E-A-2 (Figure IV-25).
The dust exhaust system, PS-E-27, discharges through Bag Filters and a
glass wool capsule to remove entrained U03 powder. The product removal
system, PS-E-26, is designed to deliver U0 3 to unloading Cyclone X-5
and thence through the solids handling and packaging systems.

The nitric acid recovery system is shown in Figure =I7-25. Gases from
UME decomposition are routed to the Nitric Absorber, T-A-1, after being
cooled in Gas Cooler E-A-2. To maintain favorably low gas absorption
temperatures (discussed in Chapter IH), cooling coils are provided on
some of the plates of the Absorber.

The 40% 2103 Cooler, TK-C-3, receives solution from the Absorber.
The solution is then normally pumped to Fractionator T-B-4 or T-D-4. An
alternate routing (by pupp or jet) is to Storage Tank I-1 or X-2.

The Sump Tank, TK-C-2, receives sump drainage. The contents of TK-
C-2 may be routed via jet (depending upon composition) to (a) Tank I-1
or X-2, (b) the Feed Utility Holdup Tank, TK-4-1, in the 221-U Building,
or to (c) the Retention Basin.
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Design Proposal, Phase I, Waste Metal Removal.

(2) HDC-1837

(3) EDC-1853

(4) HW-17626

(5) 1W-19165

Project Proposal C-361, Metal Conversion Facility.
7-28-50.

Project Proposal - Waste Metal Recovery Facilities -
Project C-362. 8-21-50.

Corrosion of Austenitic Stainless Steels in MJ4 RAW
Streams. W. W. Koenig. 4-25-50.

Corrosion of Construction Materials in TBP (aW-3 Flow-
sheet) Process Streams. W. W. Koenig and K.. L. Sanborn.
11-1-50.

(6). HW-21520 Corrosion of Stainless Steel by Concentrated UBE
Solutions. K. L. Sanborn. 7-3-51.
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1413 DECLAS-19140
TABLE XIV-1 IED

PIPE CODES AND SERVICE - FCM SPECIFICATION HW-4314, Rev. 2

Code Service

P-12 Steam, Compressed Air, Condensate and Exposed
Water Lines--100 to 125 lb./sq.in. maximum
working pressure. Carbon Steel.

P-13 Steam and Condensate--15 lb./sq.in. maxirum
working pressure. Carbon Steels.

P-6o Inside Sanitary Sever - maximum working pressure,
gravity. Carbon Steel--Galvmnized.

P-76 Nitrogen, Methane, Propane, Special Solvent--s- 50 to 125 lb./sq.in. maximum working pressure.
Carbon Steel.

c$tJ P-8o Sodium Hydroxide Solution--100 lb./sq.in.
maximum working pressure. Carbon Steel.

P-90 General Canyon Service--150-lb./sq-.In. maximum
working pressure. Stninless Steel Type 347 (or
Type 3098 Cb where spcified)

P-91 General Canyon Service--60% Nitric Acid--
Process and Utility--100 lb./sq.in. maximum
working pressure. Stainless Steel Type 347.

P-93 Process--200 lb./sq.in. maximum working pressure.
Carbon Steel.

P-94 Indoor Chemical Waste Lines--Gravity Flow.
Duriron.

P-95 Demineralized Water--Distilled Water--75 lb./sq.in.
maximum working pressure. Aluminum Alloy 61S,
61s-T6, 638, or 38.

P-100 Process Piping Liquid and Vpor--50 lb./sq.in.
and full vacuum. Type 347 Stainless Steel
(or 309S Cb where specified).
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ENGINEERING FLOW DIAGRAM

RC COLUMN RCU PUMPOUT TANK,
AND RCW RECEIVER

(From Dwg. H-2-40331)
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(From Owg. M-2-40329)
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PART III: PIANT AND EQUIPENT, continued
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CHAPTER XV. PULSE COLUMNS AND PUIE GENERATORS

A . Il7TRODUCTION

The solvent-extraction columns are the "heart" of the TBp Plant. In
view of their functional importance, a great amount of experimental work
was devoted to their development. Because of the simplicity of packed
columns and the ready availability of pilot-plant pecked columns at Hanford
Works, solvent-extraction contactor development studies were initially con-
ducted with these units. On the basis of "cold" pilot-plant studies at
Hanford with 3-in., 8-in., and 16-in. diameter units, it was found that
heights of 50 ft. and 38 ft., respectively, would be required for packed
BA and BC Columns. In order to permit the installation of the TBP Plant
in the existing 221-U Building, the height requirements of the packed
columns would have necessitated up to 35-ft. deep excavations to be made
in four of the existing 221-U Building cells. It was realized that these
excavations would be costly and might prove structurally hazardous.
Accordingly an extensive further experimental program was undertaken
with a view to developing shorter columns. On the basis of promising
laboratory-scale results, "cold" pilot-plant studies in 3-in., 8-in.,
and 16-in.. diameter- pulse columns were conducted at Hanford Works. The
success of this development program made possible the use of the ex-
isting 221-U Building cells with no major structural changes.

A pulse column is a liquid-liquid extraction column containing a
series of horizontal, spaced perforated plates, in which the liquid phases
undergo an up-and-down pulsing motion superimposed on the net flow.

The decontamination performance of the solvent-extraction columns for
the TBP process was studied in "hot" runs in 2-in. and 3-in. diameter packed
columns at Oak Ridge National laboratory. Much of the O.R.N.L. Purex-
process "hot" pilot-plant work in 2-in, to 4-in, diameter pulse columns is
also applicable. The mechanical design of the pulse generators for the
TBP Plant pulse columns is based largely on development work by Proportioneers,
Inc.

The purpose of the present chapter is to present the salient design
features of the TSP-Plant pulse columns and their associated pulse genera-
tors. For a technical discussion of the performance of the Pulse columns
reference is made to Chapter V.

B. COILMN IESIGN SPEClFICATIONS

A summary of the more important specifications for the RA and BC
Columns is listed in the table below. A more detailed description of the
physical dimensions of the columns appears in Section C, below, and in
Figures X7-1 and 17-2.
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Design Specifications

RA and RC Columns

Column (
Ovor-All Net Height Inside Design Capacity' 5

Height, of Plate Diam., Tons U/Day Gal./(Hr.)(Sq.Ft.)(b)
Column Ft. Section, Ft. In. Min. Max. Min. Max.

RA 22 3.3 (scrub 20 2 5 570 1430
section)

11.8 (extn.
section)

RC 21 11.8 30 2 5 290 720

zr
Notes: (a) For each of two columns in parallel.

(b) Sum of both pbases, TEP-Wd No. 4 Flowsheet
conditions.

cn
(c) The pulse frequency in both the RA and RC

Columns may be varied from 25 to 90 cycles/min.
The volume of liquid pulsed by the pulse genera-
tors correspoAds to a displacement (amplitude)
of 1.28 in. i the RA Column or 0.57 in. in the
RC Column.

The plate sections of both the RA and the RC Columns contain pierced
stainless steel plates with 1/8-inch diameter holes, 23% free area, and
2-inch plate spacing.

C. COLUM IMAIIS

1. BA Column

Figure XV-1 shows the principal physical dimensions of the RA
Column. Exact dimensions and other detailed data on any particular com-
ponent are available from the vendor's (A. 0. Smith) drawings.

Material originally specified for the entire vessel was Type 347
stainless steel. Duo to difficulties in procurement, it was necessary
to make a few of the less critical parts (for both the BA and BC Columns)
from Type 304 stainless steel.

1.1 Colum dimensions and construction

The over-all height of the RA Columns including the topmost connector
is 22 feet. The extraction section of the column is constructed from
1/4-in. plate rolled to a nominal 20-in. I.D. cylinder. The plate
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assemblies or "cartridge" (including both scrub and extraction sections)
which are within the coltmns have en over-all height of 16 ft. 10 in.
The horizontal dimensions of both the top and bottom phase-disengagement
sections are 4 x 5 feet. The top disengagement section is 30 in. in height,
the bottom section is 24 in. in height. The connectors as shown in Figure
XV-I are standard Hanford (Bismuth Phosphate Plant type) 2, 3, and 4-in.
connectors. The column is supported on brackets as indicated on Figure
fl-i. Two. lifting, bails are provided for use in. removing the column with
the remotely operated crane.

1.2 Cartridge geometry

There are two separate assemblies which comprise the plate assembly
or "cartridge" in the RA Column. The lower, or extraction, section is
formed from 71 plates 1/16 in. thick by just under 20 in. in diameter to
allow a 1/16 to 1/8-in. diametrical clearance between the plates and the
20-in. I.D. column. The perforated plates are spaced 2 in. apart, center-
to-center.

Four stainless steel strips located at 90* to each other at the edges
of the plates and a 3/4-in. rod through the canter of the plates tie theseries of plates into a unit 12 ft. 2-1/16 in. long. Each plate is pierced
with 1/8-in. holes located on 1/4-in. equilateral triangular centers, whichprovides an over-all plate "free area" of about 2Yr. The extraction sec-
tion plate cartridge is secured in place by a continuous weld between the
top spider ring, (see Detail 3 on Figure X7-i) and the inside wall of the
column.

The upper (or scrub) section is formed in an identical manner with
the lower section except that the center hole in the plates is larger
(2-7/16 in. diameter), to allow passage of the pipe leading to the RAF
(feed) distributor. The scrub section contains 20 pierced plates spiced
at 2-in. center-to-center intervals.

1.3 Connectors and distributors

The connectors as shown in Figure XV-i are all standard Hanford
(Bismuth Phosphate Plant type) remote connectors. The RAS, RAW, RAF,
vent, and jet steam inlet nozzles are standard 2-in.-diameter nozzles;
the EAU, RAZ, and interface controller nozzles are 3 in. in diameter;
end the pulse generator nozzle is 4 in. in diameter. The bottom leg of
the MAl inlet line is constructed of standard 8-in. pipe in order to
minimize the acceleration pressure between the pulse generator and the
column. The 8-in. pipe is reduced to a 4-in. diameter at the pulse gener-
ator nozzle in order to enable the use of a standard 4-in, connector. The
connector which is labeled as the static pressure tap has three "blind"
1/2-in. openings and one 1/2-in. pipe opening, leading to the bottom of
the column. The steam inlet connector and steam jet (although connected)
are normally not used. Under normal operating conditions, the RAW is
displaced from the column by hydrostatic pressure within the column. When
it is necessary to drain the column, for maintenance or other reasons, the
steam Jet is utilized for that purpose.
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The RAF and RAS distributors are de t ailed in Figure Mr-1. The RAF

distributor is a piece of 2-in. pipe curved to a doughnut shape 12 in. in
diameter with six 3/4-in. holes on top to distribute the feed stream.

The RAX stream does not have a special distributor. RAX flows down
through the pulse generator leg, across the top of the bottom disengage-
ment section, and into the RA Column.

2. RC Column

2.1 Column dimensions and construction

The over-all height of the RC Column, including the topmost connector,
is 21 feet. The stripping section is constructed from 1/4-in. plate rolled
to a nominal 30-in. I.D. cylinder. The plate assembly which fits within
the column has an over-all length of 12 ft. 7-1/16 in. The horizontal
dimensions of both the top and bottom disengagement sections are 4 x 5
feet. The top disengagement section is 30 in. high, the bottom section
is 2 ft. high. The connectors as shown in Figure X-2 are standard Hanford
2, 3, and 4-in. (Bismuth Phosphate Plant type) connectors. The column is
supported on brackets as indicated on Figure XV-2. Two lifting bails are
provided for use in removing the column with the remotely operated crane.

2.2 Cartridge geometry

The plate cartridge for the RC Column is composed of 71 plates,1/16 in. thick, with a diameter permitting 1/16' to 1/8-in. diametrical
clearance between the plates and the 30-in. (norunal) I.D. column. The
perforated plates are spaced 2 in. apart, centor-to-conter. Four stainless
steel strips located at 900 to each other at the edges of the plates and
a 3/4-in. rod through the center of the plates tie the series of plates
into a unit. Each plate is pierced with 1/ 8 -in. holes located on 1/4-in.
equilateral triangular centers, which provides a plate "free area" of
about -23. The bundle of plates is secured in place by a continuous veld
between the top spider ring and the inside wall of the column.

2.3 Connectors and distributors

The connectors as shown on Figure XV-2 are all standard Hanford
(Bismuth Phosphate Plant type) remote connectors. The RCU, RC, RCF, vent,
and inlet steam nozzles are standard 2-in, diameter nozzles; the RCW, inter-face controller, and the nozzle labeled "blank", are 3 in. in diameter; andthe two nozzles which connect to the pulse generator are 4 in. in diameter.

The connector for the pulse generator is made from two 4-in, nozzles,connected in parallel, in order to minimize the acceleration pressure
between the pulse generator and the column. The static pressure tap andthe steam inlet nozzles function as described above for the RA Column.

The two distributors for the RC Column are detailed in Figure XV-2.
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D. PULSE GEERATORS

The aqueous and organic liquid phases in the TBP pulse columns are
squirted alternately upwards and then downwards through the perforated
plates in the columns, to cause intimate mixing of the phases and hence
good extraction. This "pulsing" of the liquid contents of the columns is
done by reciprocating piston devices which are called pulse generators.
Each pulse generator in the TBP Plant is comprised of a 16-in.-diameter
reciprocating piston which Is driven in a cylinder by a suitable drive
mechanism. Operating with a fixed stroke of 2 in. and a frequency which
can be varied from 25 to 90 cycles/min., the piston displaces 402 cu.in.
at each down stroke or up stroke. This displacement is transmitted by
liquid to the liquid contents of the column through a connecting pipe or
pulse leg.

Figure XV-3 shows a schematic arrangement of the BA Column, pulse
generator, and pulse leg. The arrangement for the BC Column is similar,
the major difference (aside from the height of the pulse leg) being that
the organic feed stream (At) enters the pulse leg of the BA Column,

fi whereas no feed stream enters the pulse leg of the BC Column. As shown on
Figure X7-3, AX (organic phase) fills the pulse leg of the BA Column and
transmits the pulse from the piston to the BA Column. The pulse leg of
the BC Column is filled with aqueous phase (ECU), which transmits the
pulse from the piston to the BC Column.

The design bases and feetures. of he pulse generators are discussed
in the following sections.

1. Principles and Basis of Design

1.1 Hydraulic considerations

Under dynamic conditions, three forces act in the hydraulic system
formed by the column, pulse leg, and reciprocating piston. The magnitude
of these combined forces determines the theoretical horsepower required
to pulse the fluid and define the conditions of incipient cavitation.*

The three forces are (a) the force exerted by the static head of fluid
at a given point, (b) the force required to overcome the frictional re-
sistance of the pulsed fluid to flow through the piping and perforated
plates, and (c) the force required to accelerate the fluid during a pulse
cycle. A detailed analysis of these forces as they apply to pulse columns,
and meth94q for determining the conditions of incipient cavitation has been
reported . The maximum hydrayl4c power requirements for pulse generator
systems have also been analyzed 1 and have been found to be a function of
the pressure under piston and the piston velocity.

Cavitation is defined as a condition which occurs when the absolute
pressure at any point in the system is less than the vapor pressure of
the fluid at that point. Under conditions of cavitation, vapor pockets
form in the pulsed fluid which not only affect the amplitude of pulsation

but produce severe vibration and pounding in the equipment.
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1.2 Mechanical considerations

The two basic factors which establish and define a pulse System are
(a) the amplitude of pulsation or the unidirectional distance which a
volume of solution contained in a vessel of constant cross section is
displaced, and (b) the pulse frequency or the number of displacements
occurring in a given time. These two factors are important to pulse
column performance and are specified by column design consideratibns.
Other factors which influenced the design basis for the TBP Plant pulse
generators wore:

a. SpAce limitations. The pulse generator and column assembly
were required to fit into the existing 221 Building cells.

b. Service life. A mechanical unit was desired which would oper-
ate without the necessity for replacement for as long as the
the plant was operated.

c. Mechanical know-how. In the interest of saving time and money,
it was desirable that the pulse generators be developed and
proof-tested in cooperation with equipment vendors who already
possessed a background of mechanical know-how for this type of
equipment.

d. Isakage. All leakage in the pulse-producing mechanism was to
be contained, to avoid spreading radioactive contanination.

Based upon the considerations listed above, a vertical reciprocating
piston was selected to pulse the fluid. The piston is mounted at the
upper end of a pulse leg at an elevation(2) which will minimize the static
hond on the lower face of the piston, and thus mini:ize leakage(3) of
fluid pest the piston. A slider crank (scotch yoke) directly connected
to the piston rod and driven by a variable speed electric motor generates
a reciprocating notion at the piston.

1.3 Process requirements

The process requirements were established so that one design of pulse
generator could be used for either the BA or the RC Column. Inasmuch as
more mechanical difficulties were associated with a pulse generator design
which would allow amplitude adjustment than were associated with a design
which would allow frequency adjustment, the amplitude or piston travel
distance was fixed.* The process requirements are defined as follows:

*) Difficulties associated with amplitude adjustment were two-fold: (a) a
remotely operated, cdlibrated adjustment, mechanical device would be
necessary to adjust the stroke, and (b) extended operation at a small
constant amplitude might wear the cylinder slightly and form a ridge
at the extremes of piston travel. Subsequent increase in amplitude
would shatter the piston rings as they passed over the ridges.
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Column Column Pulse Frequency,

Column Displacement, In. Diameter, In. Cycles/Min.

RA 1.28 20 25 to 90
BC 0.57 30 25 to 90

These requirements allow the selection of one pulse generator design for
both the BA and BC Columns. Since a minimum piston travel distance was
desirable for minimum frictional wear on the piston rings and maximum
dynamic rigidity of the piston and rod, the cylinder diameter was selected
as the largest that could be manufactured without undue difficulty. Thus,
the pulse generator was designed with a cylinder diameter of 16 inches and
a piston travel distance of 2 in., or the equivalent of a 402 cu.in. dis-
placement volume.

in
C-0 2. Description

The pulse generator imit is discussed in two parts for ease of de-
rr-, scription. The cylinder, piston, piston rod, and component items are con-

sidered as one major part, and the mechanical assembly (motion box) with
the electric driving motor is considered as the second major part. In addi-
tion to the two major parts, the electrical system which is designed to
provide speed variation to the driving motor is considered sufficiently
unique to be described separately. (See 2.3, below.) Figure XV-4 shows
the complete assembly of the pulse generator. Figure XV-5 shows the
power supply in b: .ock diagram form.

2.1 Piston and cylinder assembly

2.11 Function

The piston which is equipped with four spring-loaded segmental
piston rings which form a tight sliding fit with the cylinder wall pro-
duces by reciprocating motion an alternating pulse in the liquid column
of the pulse leg.

2.12 Description

Cylinder: The cylinder is centrifugally cast Type 304 stainless
steel7, hned to an inside diameter of 16.001/16.OOa inches at the surface
in contact with the piston rings. The honed surface has a finish of 2
microinches. The cylinder is 27 in. long and has a nominal wall thickness
of 1/2 in. It is flanged at the lower end to a reducer which adapts the
16-inch cylinder to the 8-in. pulse leg. The top of the cylinder is
flanged to a cylinder head which contains a bushing of Graphiter 41 cen-
tered concentrically with the bore of the cylinder. The bushing, with a
nominal bore of 3 inches provides a 4-mil diametrical clearance with the
piston rod and restricts leakage of vapor and mist from the cylinder. A
two-inch overflow line in the cylinder wall, with a center line 8 in.
below the cylinder flange allows solution which leaks post-the piston to
flow to the BCW Receiver (BA Column) or to the RCU Receiver (BC Column).
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Piston: The piston is Type 304 stainless steel with a nominal diam-
eter of lo inches and an actual diameter that Is 20 to 25 mil less than
the cylinder bore. The piston is rigidly fixed to a piston rod which
extends upward through the cylinder bushing and is rigidly attached to
the yoke arm of the motion box. The piston is cup shaped with the bottom
of the cup (1 inch in thickness) acting as the flat face of the piston.
Webs inside the cup strengthen the piston walls. The piston cup is
drainable through a 3/16-inch hole drilled 3/4-inch deep followed by a
3/32-inch hole drilled through. This vented construction also allows air
trapped under the piston at start up to bleed out from under the piston.
A circular splash guard 15-7/8 in. in diameter fabricated from 1/16-inch
Type 304 stainless steel is mounted on the piston rod to form a cap over
the open top of the piston cup and prevent solution from jetting and
splashing up to the vapor bushing. Six circumferential grooves of rec-
tangular cross section are provided on the outside diameter of the piston
to retain the four segmental piston rings and two segmental rider rings.
The rider ring grooves have a nominal width of 1 inch and are located 1/2
inch from either end of the piston. The piston ring grooves are equally

Sspaced 0.63 inches apart near the middle of the piston, and have a nominal.
width of 7/8 in.

Piston rings and guide rings: The four spring-loaded piston rings
are designed to form a tight seal with the cylinder wall and restrict
leakage of pulsed fluid past the piston. The rider rings are designed
to guide the piston in the cylinder and prevent lateral movement. Both
the rider rings and the piston rings are Graphitar No. 41 (U.S. Graphite
Co.). Each rider ring is segmented into four equal pieces which, when
fitted together (flat-face butt joint) to form a circle, have an outside
diameter of 16.000/15.997 inches. This provides an average diametrical
clearance of 3 mils with the cylinder bore. The rings with an average
inside diameter of 14.7495 in. fit into grooves in the piston wall. The
bottom of each groove has an average diameter of 14.7455 in.

The piston rings are also cut Into four equal segments and are fitted
together to form a circle by means of a step joint. The average outside
diameter of the circle formed by the segmented rings is 15.9995 in,
Each ring is backed by a split ring type expander, (0.125 in. thick and
31/64 in. wide) which when compressed to a true circle exerts a diametral
force of 12 to 17 pounds. When compressed, the expander contains a
1/2-in. gap between the spring ends. This gap engages a small pin in the
piston wall and prevents rotation of the expander (and the rings) during
operation. Each expander is assembled on the piston in such a way that
the gap is displaced 90* for each ring in order to balance unequal ring
loading.

2.2 Motion box

2.21 Function

The motion box reduces the speed of the variable-speed vertical drive
shaft of the motor and converts the rotary motion of the drive shaft to
reciprocating motion.
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2.22 Description

Driving motor: Power is supplied to-the motion box by meens of a
vertically mounted, 15-horsepower, 1600-rev./min., 440-volt, 3-phase,
6-cycle, totally enclosed-fan cooled, 55C.. -rise, induction motor having
Class B insulation. The motor will operate over a speed range of approxi-
mately 1800 to 497 rev./min. from a varieble-frequency motor-generator
set power supply (see 2.3, below) with constant torque loading.

Gear set: The vertically mounted driving motor is directly connected
to a Vormshaft by means of a spline joint,, The hardened steel worm- shaft
is rigidly mounted within the motion box on bell bearings 'atthe top and
bottom of a 28 in. long, nominal 3-in. diameter shaft. The worm threads
engage a bronze worm gear having en over-all diameter of 20 in., and a re-
duction ratio of 18-1/2 to 1. The worm gear is keyed to a nominal 4-1/4
in. diameter worm gear shaft between two single-row roller bearings.
Nominal play in the gear set is expected to be about 1 mil end play of
worm, 3 mile end play of worm gear, and 7 to 7.5 mile back lash or play

cm between the.worm and worm gear. The worm gear shAft is provided with an
overhanging stub, 3 in. in diameter, which is eccentric to the shaft. The
displacement of. the centerlines of the two shafts is 1.002/0.998 in.

Slide block, yoke, and yoke assembly: A hardened steel slide block
is fixed to the eccentric shaft of the worm gear by means of lock nuts..
The shaft rotates freely in the slide block on bronze bearings. The slide
block supports'on its upper and lower faces, a cost iron yoke which is
free to move vertically up and down but is otherwise fixed in position on
steel guide rods containing bronze bushings. Thus, eccentric movement of
the shaft is trenqmitted to the slide block which moves both laterally and
vertically. The yoke which slides on the slide block can only move verti-
cally, being restrained from lateral movement by the guide rods. The total
vertical yoke movement is equal to twice the shaft eccentricity, or 2
inches. Normally, the piston rod would extend through the bottom of the
motion box case, through an oil seal, and be. rigidly fixed to the yoke.
In order to eliminate openings in the bottom of the motion box case through
which oil might leak, the connection of the. piston rod to the yoke is made
through the top of the box through yoke arms and tie rods.

Lubrication: All moving parts in the motion box are lubricated by
oil which is directed, through nozzles, to the gear set and moving parts.
The motion box case is designed to contain 20 gals. of Texas Oil Co.
Regal Oil K. The oil is recirculated through the nozzles by means of a
gear pump driven from the worm gear shaft. Oil is changed at regular
intervals by introducing fresh oil to the notion box case, throujh a re-
mote, three pipe, connector. One pipe carries oil to the case. An over-
flow line in the motion box case allows the waste oil to be flushed to a
waste oil container mounted on the side of the unit.

2.3 Power supply

2.31 Function

The function of this electric power supply is to deliver a constant
current of variable frequency to the constant torque, variable speed induc-
tion motor which drives the pulse generator.
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2.32 Description

The electrical power-supply system is shown schematically an the
block diagram in Figure XV5 .

Variable-frequency alternating current is supplied to the driving
motor by means of a General Electric Company Type AT1-924, four-pole,9.0/2.75-rVA, 1800/497-rev./min., 440/122-volt, 60/16.6cycle, drip-proof
alternator directly connected to a General Electric Company Type ACA-444,
(brush shifting) 30/7.5-horsepower, 1800/ 4 50-rev./min.., 44 -volt, 3-phase,60-cycle drip-proof motor provided with a pilot motor which automatically
shifts the brushes (and varies the speed) in response to a signal from a
remote station. An exciting current is supplied to the field of thealternator by means of a General Electric Company Type B-254, 3-Kw., 1750-rev./min., 125-volt, direct-current generator directly connected to an1800-rev./min., 220/44-volt, 3-phase, 60-cycle induotion motor. An in-dication of the pulse generator motor speed is obtained by means of a
General Electric Company Type DJ-13 frequency-sensitive speed indicatorrated at 28 volts maximum and operated through a 440/28-volt transformer
in the 3-phase line to the pulse generator motor.

3. Operation and Performance

The pulse generator is designed to operate at any frequency between25 and 90 cycles per minute and will produce an amplitude of 0.57 inchin the RC Column (1.28 inches in RA) provided that (a) leakage past thepiston on each strcke is small compared to the volume pulsed, (b) cavi-tation does not occur in the system, and (c) all trapped air is bledfrom the system before operation. The system is designed to avoid cavi-tation. Air trapped under the piston during start-up periods should begiven time (approximately 30 minutes) to bleed out through the vent holein the piston. (This is also important in order to allow liquid to wetthe cylinder and rings before operation.) Initially, the demonstrated
leakage pest the piston rings and through the vent hole of a pulse gener-ator did not exceed 0.25 gal./min. with either aqueous or organic solutionunder a positive static head of 3 to 4 feet of water. Maximum leakageoccurred at low frequencies. The leakage rate decreased as the frequencyincreased. At a frequency of 60 cycles per minute, the pulse generatordisplaces 3.5 gal./cycle or 210 gal./min. A leakage rate of 0.25 gel./min.is only 0.12 per cent of the total volume displaced.

The theoretical hydraulic horsepower required to pulse the fluidcan be readily calculated and is a function of the pressure under thepiston and the strole frequency. At 90 cycles per minute the calculatedmaximum theoretical hydraulic horsepower is only 2.5. Additional poweris required to accelerate the rigid elements in the motion box and toovercome mechanical friction losses,
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A 3-in. outlet pipe is located in the center of the bottom head.Top head nozzles include seven process nozzles, a 16-in. manway, anda 36-in. I.D. agitator mounting flange. To facilitate thief sampling,the manway cover has a 5-in.-diameter hole with a Vbrec -type (flame-arrester) cover.

Internal design features include a coil, a sparger, wall baffles,and a stilling chamber for the weight-factor and density dip tubes.The coil consists of about 264 ft. (seven 12-ft.-dicmeter turns) of2-in. pipe. The sparger is a 10-ft.-diameter perforated ring of 1-in.pipe, located just above the dish of the bottom head or approximately2-1/2 ft. above the bottom head low point. The four vertical wallbaffles, at 900 spacing, extend radially 19 in. toward the verticalaxis of the tank.

The stilling chamber is a 4-in. pipe 15-1/2 ft. long, perforatedby forty-three 1/2-in.-diameter holes at 4-in. spacing. This chamberis attached vertically to the tank shell by means of brackets and islocated directly below a 3-in. head nozzle so that weight-factor anddensity dip tubes may be inserted therein. The bottom end of thechamber extends toward the dished bottom head to a point about 1 ft.above the low point.

The vessel is supported by a skirt made of 5/16-in. carbon steel,welded to the shell. Carbon steel support lugs for a grating are attach-ed to the vessel head near the 16-in. manway.

Other vessels, similar in design to T-386, include the RAX BlendTank, TK-382, the Organic Receiver, TK-387, and the Organic TreatmentSampler Tank, TK-388.(ll) The TBP Storage Tank, TK-381, is also similar,except it has a flat bottom head.(19)

2.3 UNH Feed Storage Tanks, TK-X-1 and TK-X-2(7)(12)

The UNH Feed Storage Tanks, TK-X-1 and TK-X-2, located in the 203-UBuilding, are typical of several "cold" storage vessels designed accord-ing to the A.P.I. Code for Oil Storage Vessels. These tanks are stain-less steel, 25-ft. O.D. by 30-ft. tanks, having a nominal capacity of96 ,000 gal. (Co4,ooo gal. to overflow). Construction details are shownin Figure XVI-5. On the floor of each tank is a 2-in. heating coilapproximately 97 ft. long. The side-entering agitator is insertedthrough a 30-in. agitator nozzle. The conical roof of the tank issupported by external steel channel rafters.

C. EAT EXCHANGERS

1. Concentrators, E-6-1, E-7-1, E-8-1. E-9-1, E-10-1, E-B-1, E-D-1,and -D-2(±))

Concentrators are provided for the volume reduction of the aqueouscolumn feed solutions, aqueous column waste streams, and combined Redoxand TBP Plant decontaminated uranium product solutions. Each of these
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solutions is routed to its respective. concentrator(s), where the desired

amount of concentration takes place. The vapors from the top of the con-
centrators pass through a deentrainment or stripping column to remove en-

trained droplets of liquid and/or strip nitric acid before the vapors are

condensed.

Aqueous column feed concentration: The uranium concentration of the
dissolved slurry from the underground tanks is increased, after receipt of
the solution in the 221-U Building, by evaporation in the Feed Concentra-
tors, E-6-1, E-7-1, E-8-1 (spare). (Additional information concerning the
operation of these concentrators may be found in Chapter III of this man-
ual.)

Aqueous column waste concentration: Aqueous column waste solutions
(ROW and RAW) are blended and neutralized with 50 per cent caustic in the
Neutralizer, TK-ll-6. These neutralized aqueous waste solutions are con-

r tinuously concentrated in the Waste Concentrators, E-9-1 and E-10-1,

prior to storage in underground tanks. (See Chapter XII for additional
information.)

Product concentration: The dilute uranium solution received in the
Uranium Storage Tanks, TK--i and TK-I-2, from the BRdox Plant and the
221-U Building of the TBP Plant requires concentration before conversion
into U03. This concentration is accomplished in two steps in the Product
Concentrators, E-B-1 and E-fsl, and in the Final Product Concentrator,
E-D-2. (See Chapter VII for additional information.)

1.1 Basic principles of design

All of the Uranium Recovery Plant concentrators are vertical, long-
tube, steam-jacketed units, selected as being more suitable for continu-
ous operation and less likely to collect salt deposits than the coil-in-
pot type of concentrator used in the Redox Plant. Each concentrator
assembly includes a Peerless Mist Separator mounted on top of the con-

centrator and either a bubble-cap or packed deentrainment column situated
next to the concentrator. The use of the mist separators and of adjacent-
ly located deentrainment columns minimizes the total required equipment
height, which is limited by the height, of the cells. A single-effect
evaporator was specified because of the limited space, the deentrainment
specifications, the low vapor temperatures, and the remote maintenance
requirements. The foaming tendency of the solutions being concentrated
and mechanical simplicity required for remote maintenance indicated the

choice of natural circulation over forced circulation.

1.2 General description

All the concentrators are similar in construction but differ in size.
They are vertical, long-tube, single-effect, natural-circulation-type
evaporators. Diameters vary from 38-1/2 in. to 17 in. while the heights
range from approximately 24 feet to about 14 ft. The tubes are all 1 in.

in diameter but vary in number according to the diameter of the evapora-
tor. The Feed and Waste Concentrators are Class I vessels, while the
Uranium Product Concentrators are Class II vessels.
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1.3 Construction details

The construction details of the various concentrators are listed in
the following tabulations. Figure XVI-7 presents a drawing of a typical
concentrator design, that of the Product Concentrators, E-B-1 and E-D-i.

Product Concentrators E-B-1 and E-D-1

Tubes:
Number
Diameter
Length
Heat transfer area

Height:
Over-all
Deentrainment section
Vapor section
Steam jacket
Bottom enlarged section

Diameter: (o.D.)
Deentrainment section
Vapor section
Steam jacket
Shell
Bottom enlarged section
Downcomer

Final Product -Concentrator E-D-2

Tubes:
Number
Diameter
Length
Heat transfer area

Height:
Over-all
Deentrainment section
Vapor section
Steam jacket

Diameter: (o.D.)
Deentrainment section
Vapor section
Steam jacket
Shell
Downcomer

751
1 in. (#12 B.W.G.)
14 ft. 11-3/4 in.
2930 sq.ft.

23 ft. 9 in.
42 in.
51 in.
38 in.
12 in.

66-1/2 in.
72 in.
42-1/2 in.
38-1/2 in.
72 in.
8 -in. pipe

55
1 in. (#12 B.W.G.)
10 ft.
143 sq.ft.

13 ft. 14-1/16 in.
13 in.
12 in.
7-3/4 in.

19-1/2 in.
19-1/2 in.
19-1/2 in.
17 in.
3-in. pipe

DECLASSIFIED
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Feed, Waste, and Spare Concentrators,
E-6-1, E-7-1, E-8-1, 3-9-1, and E-10-1

DEC,' i SIFIED m

Tubes;
Number
Diameter
Length
Heat transfer area

Height:
Over-all
Deentrainment section
Vapor section
Steam jacket
Bottom enlarged section

Diameter: (o.D.)
Deentrainment section
Vapor section
Steam jacket
Shell
Bottom enlarged section
Downcomer:

307
1 in. (#12 B.W.G.)
14 ft. 2-3/4 in.
1197 sq.ft.

21 ft.
32-3/16 in.
37-1/16 in.
35-1/2 in.
12 in.

54 in.
54 in.
29-1/2 in.
25-1/2 in.
54 in.
8-in. pipe

Located in'the vapor shell above the tube sheet is a reverse-dished
impingement plate which deflects the percolated liquid, thus effecting a
separation of liquid and vapor. The deentrainment shell, directly above
the vapor shell, contains the mist separator and spray nozzles. The mist
separator, consisting of "Z" baffles, removes the entrained droplets of
liquid from the vapors and returns the liquid to the deentrainment section
through a seal pot, which prevents vapors from by-passing the impingement
plate and traveling directly to the mist separator. On the two Product
Concentrators, E-B-1 and E-D-1, a vapor inlet is provided into .the
deettrainment section for handling vapors from the Final Product Con-
centrator, E-D-2, which is not provided with a dentrainment column. The
downcomer connects the vapor shell with the bottom enlarged section to
allow for recirculation of the concentrated material. Semicircular
baffles, acting as tube supports, are located in each evaporator, thus
preventing channeling of the steam through the tube bundle. Expansion
joints in both the evaporator shells and dovncomers minimize strain due
to large temperature changes.

2. Condensers, E-6-5, E-7-5, E-8-5, E-9-5, F-10-5, E-B-3, and E-D-3

Condensers are used in the Uranium Recovery Plant for condensing
overhead vapors from concentrator deentrainment columns.

Figure XvI-8 presents the construction of a typical condenser.
The following table gives the salient details of the two types of
horizontal, multiple-pass, water-tube condensers used in the plant.
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Feed and Waste Condensers,E-6-5, E-7-5,
E-8-5, E-9-5 and E-10-5

Over-all length
Outside diameter (shell)
Number of tubes
Number of tube passes
Tube size
Tube length
Heat transfer area
Design heat load
Class of vessel

11 ft. 4-3/4 in.
30-3/4 in.
342
9
1 in. (#12 B.W.G.)
10 ft.
895 sq.ft.
12,548,ooo B.t.u./hr.
I

Product Condensers, E-B-3 andE-D-3

Over-all length
Outside diameter
Number of tubes
Number of tube passes
Tube size
Tube length
Heat transfer area
Design heat load
Class of vessel

14 ft. 10-3/4 in.
33-3/4 in.
425
5
1 in. (#12 B.W.G.)
12 ft.
1335 sq.ft.
19,100,000 B.t.u./hr.
II

An impingement baffle, located directly beneath the vapor shell,and seven segmental baffles spaced throughout the length of the con-denser distribute the vapor flow through the shell. One expansion
joint in the condenser shell is provided to relieve stresses causedby shell temperature changes.

3. Feed Preheater. E-B-6

Steam condensate is used to preheat the dilute uranium feed in theFeed Preheater, E-B-6, before it is routed to the 224-U Building ProductConcentrators, E-B-1 and E-D-1, for concentration.

The Feed Preheater, E-B-6, is a horizontal, U-tube heat exchangerwith sixty-nine 1-in. (412 B.W.G.) type 347 S.S. U-tubes. The dishedhead shell, 12 ft. 2 in. long and 2 ft. in diameter, is also constructedof type 347 S.S. Seventeen 1/ 4 -in. baffles on 6 -in. spacing are installedin the center 8-ft. portion of the shell. It is built to Class II vesselspecifications.

4. Gas Cooler, E-A-2(21)

Fumes from the Calcining Pots, P-E-1 to P-E-18, are routed to theGas Cooler, E-A-2, a radial-finned water-tube cooler, which is designedto condense the water vapor and cool the remaining gases to 1200F. forefficient nitrogen oxide absorption in the Nitric Acid Absorber, T-A-1.

The construction details of the horizontal, water-tube, Class II,Gas Cooler, E-A-2, uhown in Figure XVI-9, are tabulated below.
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Over-all length 17 ft. 1-3/8 in.
Diameter 32 in.

Tubes:
Number 86
Diameter 1-in. (#12 B.W.G.)
Length 15 ft.

Heat transfer area:
Gas side 2477 sq.ft.
Water side 264 sq.ft.

Heat transfer duty 550,000 B.t.u./hr.

In order to increase the heat transfer area on the gas side, twenty
radial fins are attached to each tube. A gas inlet box distributes theOn fumes as they enter the cooler, and mixing inside the cooler is promoted
by three "A" type and two "B" type baffles. The "A" baffles consist of
a ring around the tube bundle while "B" baffles are solid except for the
holes through which the tubes pass. These holes are 1/16 in. larger
than the radial diameter of the fins. Each baffle is flat on the bottom

ca- to allow condensed vapors to flow to the condensate outlet of the cooler.

5. Liquid Coolers

Hot concentrator effluent streams, nitric acid effluent froa the
absorber, and solutions after jet transfer require cooling, whica is
accomplished in tanks equipped with water coils and jackets. In addi-
tion to such tanks (which are described in Section B above) the Uranium
Recovery Plant contains six special liquid coolers: the Condensate
Sample Cooler, E-C-7; the 60% Nitric Acid Cooler, E-C-9; the Nitric Acid
Absorber Reflux Cooler, E-0G-3; and the Fractionator Plate Sample Coolers,
E-B-4 and E-D-4 all of which are located in the 224-U Building plus the
Condensate Sample Cooler located in. the Overhead Condensate Instrument
Pit east of 221-U Building. The Condensate Sample Cooler, E-C-7, cools
the condensate sample from the 224-U Building Product Concentrator Con-
densers, E-B-3 and E-D-3, for continuous pH determination. The 60%
Nitric Acid Cooler, E-C-9, cools the affluent acid from the Nitric Acid
Fractionators prior to holdup in the receiver. These two Class III
vessels are similar in construction. Both utilize Type 347 stainless
steel spiral coils in a carbon steel shell. Salient details are listed
below:

Condensate Sample 60% Nitric Acid
Cooler, E-C-7 Cooler, E-C-9

Height 18 in. 18 in.
Diameter (D.D.) 28 in. 40 in.
Coil diameter 12 in. 12 in.
Coil length 48.8 ft. 42.5 ft.
Pipe size 1/2 in. 1 in.

The Nitric Acid Absorber Reflux Cooler, E-OG-3, cools the reflux as
it flaws from the Distilled Water Tank, TK-X-14, to the top of the
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absorption column. This Class II vessel, t horizontal, four-peass, water-tube cooler 7 ft. 5-1/2 in. long and 12 in. in diameter, contains sixty-two 1/4-in. stainless steel tubes; making a total tube length of 864 ft.

The Fractionator Plate Sample Coolers, E-D-4 and E-B-4, are ClassIII, horizontal U-tube exchangers dehigned to cool samples taken fromthe lower eight plates of the Nitric Acid Fractionators, T-B-4 andT-D-4. The U-tubes are constructed of Type 347 stainless steel and theshell is 8-in. Schedule 40 carbon steel pipe 7 ft. long.

The Condensate Sample Cooler, E-6-A, cools samples of condensatefrom the Feed and Waste Concentrators for continuous pH determinations.
This Class III vessel, a horizontal cooler, consists of five 1/2-in.Type 347 stainless steel U-bends (one for each condensate stream) insideof a 7-ft. section of 10-in. carbon steel pipe. Each U-bend contains
13 ft. 5 in. of pipe.

SfD. BUBBLE-CAP PATE COLUMNS
iN)

1. Nitric Acid Fractionators, T-B-4 and T-D-4

The Nitric Acid Fractionators, T-B-4 and T-D-4, located in B andD Cells of the 224-U Building, are utilized to convert 40 per cent nitricacid (recovered from the U0 3 conversion in the Nitric Acid Absorber,T-A-1) into 60 per cent nitric acid by fractional distillation. In addi-tion, these fractionators receive the overhead vapors from the ProductConcentrators E-B-l and E-D-1 and strip nitric acid from them before thevapors are condensed and sent to the cribs. (For further informationabout the function and operation of the fractionators reference is madeto Chapters VII and XIV.)

1.1 General description

The Nitric Acid Fractionators, T-B-4 and T-D-4, are Class II vesselsfabricated in two sections with a total height of approximately 32 feet:16 feet for the lower column section with reboiler, and 16 feet for theupper column section. Diameters of the sections are as follows: thereboiler, 7 feet; the lower column section, 5 feet; and the upper columnsection, 8-1/2 feet. The upper section contains 9 plates while the lowersection has 8 plates, all on 18-in. spacing.

1.2 Construction details

The construction details of a Nitric Acid Fractionator, shown in'Figure ZVI-10, are listed in the table below.

XW DECLASSIFIED .
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Description or Dimension

Rebiler:
Outside diameter
Over-all height
Heating provision
Heat transfer area
Heat transfer duty

Column:
Lower section:

Outside diameter
Over-all height
Shell thickness
Number of bubble-cap plates.
Number of bubble caps per plate
Number and size of slots per cap
Number and size of dowxnomers

per plate
Number and size of manholes
Transition cones thickness

Upper section:
Outside diameter
Over-all height
Shell thickness
Number of bubble-cap plates
Number of bubble caps per plate
Number and size of slots per cap
Number and size of downcomers

per plate
Number and size of manholes
Reflux provision
Reflux rate

7 ft.
4 ft. 8 in.
39 U-bends (480 ft. of 2-in. pipe)
299 sq.ft..
3,100,000 B.t.u./br.

5 ft.
11 ft. 1-3/4 in.
1/4 in.
8
78
20 slots, /16 in. by 9/16 in.

Four, 3-in. pipe
Eight, 12-in. by 18-in. oval
1/2 in.

8 ft. 6 in.
15 ft. 11-1/8 in.
7./4 in.

448
20 slots, 3/16 in. by 9/16 in.

Six, 3-in. pipe
Ten, 12-in. by 18-in. oval
1-1/2 in. pipe to top tray
5 gal./min.

All thie plates are formed from 1/4-in. stainless steel plate, with
stiffener bars across the bottom, and are welded into the column sections
on an 18-in. spacing. Inlet and outlet weirs with rectangular slots
promote even distribution of liquid on each plate.

The flanged 14-in. standard pipe vapor inlet bolts to the transition
cone between the upper and lower sections of the column, and the 14 -in.
vapor exit line connects to the top of the column.

Eighteen oval manholes, one above each plate and one in the transition
cone between the lower column section and the reboiler, provide openings
into the column. Sampling nozzles are provided for each of the lower-
section column plates. The reboiler side-entering tube bundle is welded
to a 2-inch-thick tube sheet. This tube sheet and the steam chest are
bolted to the flanged opening on the reboiler.

An 8-in. by 10-in. box is welded to the straight side of the reboiler
section and is connected to the reboiler near the bottom and the top.
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This box contains the liquid-level and control instrument elements.

2. Nitric Acid Absorber, T-A-1(22)

The nitrogen oxides evolved in the calcination process are chemically
absorbed in water in the Nitric Acid Absorber, T-A-1, to form 40 per cent
nitric acid. Further details 6f the reactions and design considerations
involved are discussed in Chapter IX.

2.1 General description

The Nitric Acid Absorber, T-A-1, is a Class II vessel approximately
37-1/2 ft. high and 4-1/2 ft. in diameter. It is constructed in 13
sections, which are flanged together. The absorber contains 20 bubble-
cap plates, 9 of which are provided with water cooling coils.

2.2 Construction details

The construction details of the Nitric Acid Absorber, T-A-l, shown
in Figure I-l1, are listed in the table below.

Item

Outside diameter
Over-all height
Shell thickness
Number of bubble-cap plates
Number of bubble caps per plate
Number and size of slots
Number and size of downcomers
Number of plates with cooling coils
Heat transfer area
Heat transfer duty
Reflux provision
Reflux rate

Description or Dimension

4 ft. 7 in.
37 ft. 5 in.
1/2 in.
20
36
16 slots, 0.1 in. by 0.656 in.
Three, 2-in. pipe
9
292 sq.ft.
104,000 B.t.u./br.
1-1/2 in. pipe to top plate
1.25 gal./min.

The column is fabricated in 13 sections, 10 of which contain bubble-
cap plates. The bottom plate in each section is welded in place, but
the other plates in the section are supported by rods which rest on the
tops of the bubble caps in the welded plate. Inlet and outlet weirs with
four rectangular slots 1 in. wide by 1/4 in.- deep produce an even distri-
bution of liquid on each plate.

Nine of the plates are each provided with two separate cooling coils.
These 1-in. pipe coils make either 10 or 20 return tube passes per plate
(see table below) and connect to the cooling water inlet and outlet head-
ers. Pipe length is 32 and 64 feet, respectively, for the 10-pass and
20-pass coils.

The sections vary in height and design as shown by the following
table.

2' i
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Section No.
(From Top)

1
2
3,4
5,6
7
8,9,10,11
12,13

.

NNumbe'ot *
Plates per
Section

(Vapor outlet)
3
4
2
1

Number dft
Plates With
Coils per
Section

0
1
1
1

Number of
Coils per

Plate

'2

1 1
(Vapor inlet and bottom outlet)

2
2
2

Number of
Passes

per Coil

- 10
10
10
20

Height of
Section

1 ft. 7 in.
6 ft.
6 ft.
3 ft.
1 ft. 6 in.
1 ft. 6 in.

3. Feed Concentrator Stripping Columns, T-6-4, T-7-4, and T-8-4(17)

Vapors from the Feed Concentrators, E-6-1, E-7-1, and 3-8-1, are
routed through the bubble-cap plate Feed Concentrator Stripping Columns,
T-6-4, T-7-4, and T-8-4, for removal of nitric acid and entrained drop-
lets of liquid, which are removed by a reflux entering the top and travel-
ing down through the column. Additional information concerning the
operation of these columns is found in Chapter III.

3.1 General description

The Feed Cocentrator Stripping Columns, T-6-4, T-7-4, and T-8-4,
are Class I vessels and are approximately 12 ft. high and.8 ft. in
diameter. Each column contains 12 plates, and each plate contains
168 bubble caps.

3.2 Construction details

The construction details of a Feed Concentrator Stripping Column,
shown in Figure ZVI-12, are listed in the table below.

Item

Outside diameter
Over-all height
Shell thickness
Number of bubble-cap plates
Number of bubble caps per plate
Number and size of slots
Number and size of downcomers
Reflux provision
Beflux rate

Description or Dimension

8 ft.
12 ft.
1/4 in.
12
168
32 slots,O.l in. by 0.75 in.
Four, 3-in. pipe
Two, 1/2-in. pipes
3 gal./min.

The column is flanged to the concentrator by means of the 14-in.
inlet line and cannot be removed by remote-maintenance methods. However,
the 14-in. top vapor outlet is equipped with a dowel pin and 3 remote-type
nuts so the condenser may be removed remotely. The bubble-cap plates are
formed from 1/4-in. stainless steel plate to a friction fit with the shell,
and each is supported by twenty-three 1-1/4 in.-diameter rods. Inlet and
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outlet weirs produce an even distribution of liquid on each plate. The
vapor inlet is connected to a seal pot designed to relieve at 10 inches
water pressure and 48 inches of water vacuum. The seal pot vents to the
cell exhaust duct and drains to the column.

E. PACKED COMS

1. RO Columns, ET-18-2 and ET-20-2

Spent solvent (RCW) is conditioned for reuse in the RA Columns by
contacting it countercurrently with an aqueous scrub stream (ROS) in
the RO Columns, ET-18-2 and ET-20-2. The TBP decomposition products,
which are scrubbed from the organic solvent by the ROS, leave the bottom
of the column with the aqueous effluent. (For further information about

LX) the function of this column see Chapter XI.)

The RO Columns are Class I vessels and stand approximately 17 ft.high, with a packed section 22-1/2 in. in diameter. The construction
details of the RO Column, shown in Figure XVI-14, are listed In the table
below.

Item Description or Dimension

Over-all height 17 ft. 4 in.
Diameter of packed section (o.D.) 1 ft. 10-1/2 in.
Height of packed section 11 ft. 6 in.
Diameter of disengaging sections:

Upper 4 ft.
Lover 2 ft. 6 in.

Height of disengaging sections:
Upper 3 ft. 5 in.
Lover 1 ft. 11 in.

Size of Raschig rings 1 in. by 1 in. by 1/16 in.

The organic feed is introduced into the column through a 15-in.-
diameter doughnut-type distributor made of 2-in. pipe with fourteen
1/2-in, pipe nozzles welded to it. The aqueous effluent drains by gravity
through an open-throat jet which may be used to empty the column to the
ROW Receiver.

2. Waste Concentrator Deentrainment Columns, T-9-4 and T-10-4(17)

The overhead vapors from the Waste Concentrators, B-9-1 and E-10-1,
are passed through the Waste Concentrator Deentrainment Columns, T-9-4
and T-10-4, for the removal of entrained droplets of liquid, which collect
on and are washed from the column packing by a small water reflux enter-
ing the top of the column. (Additional information concerning the opera-
tion of these columns is found in Chapter XII.)

2.1 General description

The Waste Concentrator Deentrainment Columns are Class I vessels and
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are approximately 12-ft. high and 8 ft. in diameter. Each column contains
24 inches of York Mesh packing (see below).

2.2 Construction details

The const'uction details of the Waste Concentrator Deentrainment
Column are shown on Figure XVI-13. The column has the same external
dimensions and connections as the Feed Concentrator Stripping Column
(Subsection D3, Figure XVI-12). However, the Waste Concentrattr Deen-
trainment Column has a packed section rather than'bubble-cap plates and
a different reflux provision. The reflux is introduced through two
1/2-in. lines to a spray ring made of 2-in.. pipe with eight 1/2-in.
nozzles to distribute the flow over an 80-in.-diameter distributor plate.
The distributor consists of a conventional drip-type plate with 151 drip
points.

Lfl The packing used in the column is York Mesh, a loosely knit wire
=P fabric which is rolled around a mandrel to give a section of packing of

aty diameter. The packe4 section contains 12 inches of #676 York Mesh:(0.006-in.-diameter wire) on top of 12 inches of #148 York Mesh (0.011-
in.-diameter wire). The packing rests on a grate with 4 -ia.-square open-
ings and is held in place by a grate, which is welded to the column shell
and has 8-in. openings.

3. Nitric Acid Bleacher, T-C-6(22)

Dissolved oxides'of nitrogen are removed from the 40 per cent nitric
acid leaving the Nitric Acid Absorber, T-A-l, and nitric acid formed in
the Gas Cooler, E-A-2, by introducing it into the top of the Nitric Acid
Bleacher, T-C-6, where it is contacted with a countercurrent flow of air.
The function of the Nitric Acid Bleacher is discussed in Chapter IX.

The Nitric Acid Bleacher is a Class II vessel standing 9-1/2 ft.
high with a diameter of 1-1/2 ft. and is packed with 1-in. feschig rings.

The construction details of the Nitric Acid Bleacher, shown in Figure
XVI-15, are listed in the table below.

Item Description or Dimension

Over-all height 9 ft. 6 in.
Outside diameter i ft. 6 in.
Height of packing 6 ft. 7 in.
Size of eschig rings 1 in. by 1 in. by 3/32 in.
Liquid rats 1.5 gal./min.
Gas rate 40 std.cu.ft./min.

F. CALCINING POTS, P-E-1 to, P-E-180

Batchwise conversion of uranyl nitrate hexahydrate (UNH) to uranium
oxide (TU03) is accomplished by evaporating and decomposing the UNE solutionin electrically heated, agitated pots. Eighteen of these calcining pots
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are located in E Cell of the 224-U Building. The process details of
this operation are discussed in Chapter VIII. A sketch of a calcining
pot is presented in Figure iVI-16.

1. General Description

The main components of each calcining pot are (a) a cylindrical,
pot-type, electrically heated furnace approximately 5 ft. in diameter
and 4 ft. high; (b) the charge pot, 30 in. in diameter and 32 in. deep
with a hemisphereical bottom; and (c) an anchor-shaped pot agitator
driven by an electric motor and a speed reducer mounted on the furnace
superstructure. The furnace superstructure and agitator drive mechanism
extend approximately 6 ft., above the top of the furnace and, radially,
k ft. from the furnace vertical axis. The entire unit is mounted on a
foundation, but is not secured.

Each furnace has a power rating of 55 kw. (57.7 kw. design rating)
-aM and uses 220-volt,2-phase,60-cycle alternating current. The furnace is

designed for a maximum chamber temperature of 16000F., measured 1/4 in.
from the exterior surface of the pot.

The rated instantaneous capacity for each pot is 600 pounds of U0 3(500 lb. U) per charge, with approximately 7-1/3 hours required for a
complete calcination cycle.

2. Construction Details

2.1 Furnace

The carbon steel furnace shell is of all-welded construction except
for the top plate, which is secured by machine bolts. Plate thickness
for the bottom, side wall, and top are 1/2 in., 3/8 in., and 3/4 in.,
respectively. Exterior insulation, a 1-in, layer of Fiberglas, is
provided for the furnace cooling duct only.

Furnace-shell insulation, a 1-in. layer of magnesia and 1-1/2 in.
of Johns-Manville SI insulating material (a silicious material with an
asbestos binder) is secured to the inside of the steel shell. This is
protected by a 4-1/2 in.-thick layer of Armstrong A-25 refractory brick
(firebrick). Additional thickness of brick is provided under the top
plate around the pot periphery.

The heating element consists of two No. 1 gauge nichrome (80% nickel-
20% chromium) wire coils. Each coil extends half way around the furnace
and is mounted on eight 7-1/16 in.-wide by 30-in.-long "radiant plates",
which rest on end inside the refractory lining. The nichrome wire is
wound on projections on the inside face of these plates. The plates are
supported by H-shaped spacers attached to bolts which extend outward
through the refractory and insulating material and are secured to the
shell by either nuts or welding. Coil terminals and exterior wiring are
enclosed in the steel terminal guard ring on the outside of the furnace
shell.

DECLASNFIEDS



DECLASSIRED 
1624

The furnace chamber temperature is measured and controlled by a therm-
ocouple which is inserted through a pipe in the shell side neil and extends
through an opening in the radiant plate. A similar pipe and plate opening
are provided for a fuse of pure silver, which melts and breaks the furnaceheating circuit at a chamber temperature of 1700 to 17500F.

The furnace and pot are cooled by en air sweep through the annular
space between the refractory lining and the outside of the pot wall. A
negative pressure in the 8-inch I.1). ventilating duct draws room air in-
to the furnace chamber through the 10-inch I.D. opening il the center of
the shell bottom and out into the furnace cooling duct through six 4-inch
I.D. openings near the top of the chamber. From the cooling duct the air
flows into the duct connection box, which connects the ventilating duct to
the furnace, and out through the ventilating duct. Air flow is controlled
by means of the- furnace cooling damper and the sliding cover over the
furnace cooling air inlet.

C=3 2.2 Pot

~n The charge pot is 30 in. in diameter and 32 in. deep at the center
of the hemispherical bottom. It is cast to Type 3098 Cb stainless steel
and has a minimum wall thickness of 5/8 inch. Slightly more than half of
the pot, top is covered by a fixed plate secured by studs and nuts. The
fixed cover serves as a mounting for the agitator shaft stuffing box, the
pot charging line, the fume outlet line, and the dip tube for the high-
liquid-level alarm. To facilitate rcating of these lines to either side
of the unit, a spare fume outlet conne;tion is provided. The remainder
of the pot is covered by a removable plate secured by four clamps. Pot
cover material is 1/2-in.-thick Type 3098 Cb stainless steel plate. A
1/2-in.-square-cross-section asbestos gasket is provided to seal cover-
to-cover and cover-to-pot joints.

2.3 Agitator

The sweep-type pot agitator is designed to scrape solids away from
the pot wall up to a height of 21 inches,or 11 inches down from the top
of the pot. The outer blades conform to the pot wall configuration and
have a maxnumjn wall clearance of 1/8 in. The 3-in.-diameter hollow
shaft has a 1-in.-dimeter bore extending to 1-1/2 inches from the
bottom end. A thermocouple for measurement of charge temperature is
inserted in this opening. The shaft and blades are made of Type 3098Cb stainless steel.

The agitator is driven at 37 rev./min. by a 7.5-h.p. 44 0-volt motor
through a speed reducer. The speed reducer and agitator shafts are con-
nected by a rigid coupling. Below this coupling and approximately 10
inches above the pot cover, a shaft alignment bearing is provided. A
stuffing box provides a seal between the shaft and the fixed pot cover.

Boom air may be drawn across the pot cover and into the ventilat-
ing duct connection box through a rectangular opening in the reducer
support. This air flow is controlled by the ventilating damper. Since
the air above the pot cover may contain corrosive process fumes, the
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reducer support (made of carbon steel) is provided with a stainless
steel sheet metal liner and liner cover. The liner cover is split to
allow installation of flanged pipes. The duct connection box and the

bearing support bar are also stainless steel.

2.4 Transformer

Each furnace is supplied with 220-volt, 2-phase alternating current
by a 58 k.v.a. dry-type transformer rated for a 485/460/425-voltS,3-phase
primary current. (For details of the power service system, reference is

made to Chapter III.)

G. cEIFGE(8)(-

Centrifuges are used to clarify the concentrated uranium-bearing
aqueous feed before it is processed in the solvent-extraction columns.
Two centrifuges, G-14-1 and G-14-6, are provided in Cell 14 of the 221-U
Building. (For process details, reference is made to Chapter III.)

The centrifuges, Class I vessels manufactured by the Bird Machine
Company, are of the same design and size as those presently installed in
the Bismuth Phosphate and Redox Plants and utilize certain modificatlaw
incorporated in the Redox centrifuge. These modifications are designed
to reduce cell air contamination by minimizing the escape of mist or
droplets from the centrifuge case.. To supplement the description below)
reference is made to drawings of the centrifuge in Chapter XVI of the
Redox Technical Manual (HW-18700).

The solid bowl is 40 in. in inside diameter by 24 in. deep. It is
driven by an overhead, vertically mounted 40-h.p. motor at a speed of

870 rev./min. ("slow") or 1740 rev./min. ("fast"), thus producing a
centrifugal force at the bowl wall equal to 430 or 1730 times the force
of gravity. The "inch" circuit on the motor maintains any set speed up
to maximum.

The upper lip of the bowl extends 6 inches toward the center and
provides a. 60-gallon holdup. This allows about 5 minutes holdup- time at
the nominal feed rate of 13 gal./min. The inside wall of the bowl has
three 1/2-in.-thick circumferential baffles spaced 5-5/8 in.- agrt (vail
to wall) and extending 6-1/2 in. toward the center. These baffles are
notched at the bowl, permitting holdup reduction to about 10 gallons byr
either of two single hydraulically operated skimmers. A T6wl spray is
provided for washing and slurrying the cake.

Process nozzles: The case is provided with six 3-in. pipe nozzlis
for access to the bowl interior. These nozzles slant outward to clear
the motor. Five extend about 4-1/2 ft. above the carse top, while onej
which is blanked extends about one foot . The five extended nozzles are
used for chemical addition from the Chemical Addition WeighiTank X-14A,
feed inlet from the Feed Concentrator Receiver Tank, wesWht-factor dip
tubes, outlet jet to the Waste Utility Holdup Tank, and a sampler. The
sampler nozzle terminates in a standard 3-in. male connector. However,
bec pf difficulties in jumper handling imposed by the slanted nozzles,
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two-inch pipe dip legs are inserted in the other four nozzles and extendto 1/4 in,: frcm the bottom 'of the bowl. The 3-in. male connectors onthese nozzles- are circumferentially split, with the lower portion weldedto the nozzle, and the upper welded to the dip leg. A lifting bailattached to the face of the upper connector portion permits remote han-dling of the dip leg. This bail fits inside of the female connector -when the jumper is in place. No gasket is provided between the two por-tiona' of the male connector. The case outlet terminates in a 4 -in.standard connector nozzle.

Other connectors: Five of the six connectors mounted on the centri-fuge frame are used for motor electrical leads, hydraulic lines, bowlspray, lubrication and tachometer, and vibration meter. A microphone atthe end of a separate cell jumper contacts the outside of the case. Aseventh connector on the case, attache, to a thermometer well, is not inuse.

C3 Shroud and fume cover: To reduce air contamination in the cell,
passage of mist or droplets through the spindle opening in the case isrestricted by a fume cover with two baffle-type seals. In addition, the
spindle from the- fume 'cover to the motor-mount is enclosed by an air-
pureed shroud. Air enters the stainless steel sheet-metal shroud througha 1/2-in. pipe and sweeps downward through the fume cover seals into the
case, leaving the case through the process solution effluent line. Each
of the two seals in the fume cover consists of two parts: (a) a station-
ary ring, attathed to the fume cover assembly, concentric with the spindle;and (b) a slingar disk, larger in diameter than the fixed ring, rigidly
attached to the spindle. This slinger disk is mounted below the fixed
ring with a vertical clearance of 1/64 inch between the two parts.

Lubrication: A remotely operated Ferval grease metering system
lubricates the motor and spindle bearings. This system is described in
Chapter XVI of the Redox Technical Manual (EW-18700). Waste grease is
collected in aecan mounted on the side of the centrifuge case.

H. AUXILIARIES

1. Agitators(3)(4) 23)-

1.1 Design basis

The Uranium Recovery Plant agitators were designed to provide three
types of agitation: mild, medium, and violent. "Mild" agitation is de-
fined as that which produces a slight swirling effect on the surface of
the liquid. "Medium' agitation produces waves in the liquid without
disturbing surface continuity. rViolent" agitation is that which pro-
duces waves, frothing, and splashing. Reference is made to Table XVI-2
at the end of this chapter for agitator classification as to type of
mixing.
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1.2 Description

1.21 Aitators used in uranium removal facilities (241-WR Diversion
Vault and 24 4 Process Tank Vaults)

The location of the agitators in the 241-w and 244 Vaults is
shown in Figures XIV-3 and 4. A typical agitator, A-WR-002, is shown
on Figure- VI-17 with pertinent details of all agitators used in these
vaults listed in Table XVI-2. The agitator shaft is connected through
a flexible coupling to the output shaft of the speed reducer, which is
directly connected to the motor shaft. The agitator shaft is fabricated
in two sections for protection from damage during transit. The upper
portion of the shaft carries both thrust and radial bearing loads,
while the lower portion, which is joined to the upper section with a
rigid, flange-type coupling, carries the agitator blading. The upper
section is sealed by a kerosene-lubricated Durametallic seal at the
upper end of a cylindrical torque tube welded in the mounting flange.

c n The torque tube also contains a grease-lubricated guide bearing near its
lover end to provide shaft support near the point of load application,
Contact of process solutions with the guide bearing is prevented by means
of positive air pressure introduced into the torque tube. Kerosene
drippings from the Durametallic seal and air escape through the clear-
ance between the agitator shaft and the laver end of the torque tube.

All agitators are of stainless steel construction except the Slut'ry
Accumulator agitator which is cast steel.

1.22 TBP Plant (211-U, 271-U, 276-U, and 221-U Building) agitators

Pertinent details of the agitators employed in the 211-U Tank Farm,
271-U, 276-u, and 221-U Buildings of the TBP Plant are listed in Tabl).
XVI-2. The agitator shafts are connected through, a rigid sleeve coupling
1lirectly to the motor shaft in the case of high-4peed agitators (1140
and 1150 rev./min.), and by a rigid sleeve coupling to the output shaft
of a speed reducer, which is connected thr6ugh a flexible coupling direct-
ly to the motor shaft, for the lower-speed agitators (70 to 188 rev./min.).

The high-speed agitator units employ one to three propeller-type
impellers, and the lower speed, gear-driven agitators use curved or
straight-blade, turbine-type impellers.

Agitators located in "cold" tanks more than six feet in depth employ
a tripod step bearing with a Graphitar #41 bushing at the lower end of
the shaft. "Hot" tank agitator shafts pass through a cylindrical tube
welded in the mounting flange. This vertical tube contains a process-
lubricated, Graphitar #41, sleeve-type bearing at its lower end to pro-
vide shaft support near the point of load application. A labyrinth-type
seal consisting of alternate Graphitar #2 rings and stainless steel
spacers is located at the upper end of the tube to prevent leakage around
the agitator shaft. "Cold" tank agitators employ stuffing boxes with
Graphitar #41 bushings.
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1.23 UM Storage Tank (203-U Building) agitators

Agitation in the UR Storage Tanks, TK-X-1 and TK-X-2, is obtained bymeans of agittors located in the sides of the tanks just above the tankbottom. The extremely large size (approximately 25 ft. by 30 ft.) ofthase tanks led to-the adoption of side-entering agitators, thereby elim-nating the design problems associated with abnormally long agitatorshafts, as, required by vertically mounted agitators.

The UNE Storage Tank agitator shaft is connected through a Falk Steel-flex coupling directly to the gear-reducer shaft. *The agitator shaft isprovided with two steel flanged bearings to absorb thrust and radial load-in&, The Impeller is a three blade, left-hand propeller, 24 in. in diam-eter with a 24 -in, pitch.

In order to minimize process solution loaelge; around the agitatorshaft, the shaft is sealed with a ater-lubricated, pump-type stuffingC=3 box. Stuffing consists of rings of Garlock packing interspaced with#I- lantern rings.
CY7

1.24 U03 Plant (224-U Building) agitators

Agitators employed in the UN Storage Tank, TK-C-1, and the Sump Tank,TX-C-2, are described in Section C of the Hanford Works Technical Manual

The Calcining Pot agitators are described under F2.3, above.
2. Sluicing Nozzles

Sluicing nozzles are used in the underground storage tanks to breakup and slurry the uranium-bearing sludge in order that it may be removedby the sludge pump. Two sluicing nozzles, placed diametrically oppositeeach other, are located in each of the 75-ft .- diameter underground storagetanks. The 20-ft .- diameter tanks are equipped with only one sluicing
Iozze each. The locations of the sluicing nozzles are shown in Figuresnv-i and Xfl-l. Construction details of the sluicing system are present-ed in Figure XVI-18.

The sluicing nozzle is installed through either a 12 or 4 2-in. riserin the storage tank. The upper part of the nozzle assembly is housed inthe sluice pit (or pump pit) with operating rods extending through the pitshielding covers to an operating mechanism above the cover. The nozzle iscapable of remote adjustment for azimuth and elevation so that its streammay be directed for maximum sluicing efficiency.

The nozzle can be rotated through a 1500 angle (from -45O to + 1050from vertical) in the vertical plane by a rack-and-pinion arrangement.The rack actuating rod, which is housed in a lead-filled torque tube toprovide shielding from radiation, is operated manually by means of anozzle positioning lever located above the cover block. The rack actuat-ing rod, which is a stainless steel tube, is also filled with lead forshielding purposes. The torque tube is connected to the nozzle at the
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lower end and to a turntable above the cover block. The nozzle is con-
nected to the 4-in. supply line by means of two Chiksan rotating joints
and a rubber hose.

Nozzle rotation in the horizontal plane is effected by rotating the
turntable by means of a 1/2-h.p. driving motor and one of two gear boxes
through an adjustable drive linkage. The maximum angle of oscillation
which can be obtained is 98.50, at speeds of 1 cycle/min. and 1 cycle/
br., depending upon the gear box used. Through lever length adjustments
of the driving linkage, the 98.50 angle of oscillation can be made avail-
able over a range of 2400. Two Micrcuwitches, which when contacted re-
verse the rotation of the driving motor, limit the sluicing angle to
1200 on either side of a reference line.

Sluicing nozzles used in the 75-ft.-diameter tanks have a 1-3/8 in.
tip, which will pass 516 gal./Min. of 1.2 specific gravity solution at a
supply pressure of 100 lb./sq.in. gauge. The 20-ft.-diameter tanks util-
ize nozzles with a 5/8-in, tip which will pass 100 gal./min. at 100 lb./
sq. in. gauge. The sluicing nozzle is connected to a 14-in. section of
2-in. pipe by a standard threaded joint. The cross-sections of both the
nozzle and the 2-in. pipe are divided into quadrants by four internal
vanes located equidistantly from each other. Maximum sluicing efficiency
is obtained by securing the nozzle in a position such that all vanes are
450 apart.

Since the liquia being handled is non-corrosive, all sluicing nozzle
parts are constructed of carbon steel.

3. Gang Valves(8 )

Two types of gang valves are used to operate the jets in the TBP
Plant: (a) direct-operated gang valves such as are used in the Bismuth
Phosphate Plants; and Cb4 remote air-operated gang valves such as are
used in the Redox PlantA

The design principles for both types of valves are similar in that
jet operation is effected through the simultaneous opening and closing
of spring-loaded valves. Redox-type gang valves consist of four
sequence-controlled, air-operated diaphragm valves in the pipe gallery
operated by means of a remote, manual air controller in the operating
gallery. For a detailed explanation of the operation of this type of
gang valve, reference is made to the Redox Technical Manual (HW-18700).

The direct-operated gang valves consist of four sequence-controlled,
spring-loaded valves which are manually operated through a rack and pinion
arrangement. An operating diagram of this type of gang valve is present-
ed in Figure IVI-19. Additional descriptive information may be found in.
Section C of the Hanford Works Technical Manual (HW-10475).

4. Samplers

Remote samplers are employed in the Uranium Recovery Plant to obtain
small quantities of radioactive process materials for analysis. Samplers
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inle d pits Pan (221-U Building) are located in the cell walls in lead-shilde pta l~roximtely two feet below deck level. Althoughte10Plant (224-U Building) does not process any highly radioactive materUia0,
a shielded sampler located in the pipe gallery is used for convenieace tosample the Sump Tank, TK-C-2. Sampler pits located above the tanks pro-vide sampling facilities for the 244 Pracess Tank Vaults used in uraniumremoval from underground storage. Samplers for tanks in the 241-WR Diver-sian Vault are -located directly' above the tanks in sampling enclosures.

Alu'remote samplers utilize an air jet, which is operated in con-Junction with an air lift * The component parts of a remote sampler ofthe type used in the TP Plant are shown in the schematic sketch inFigure XVI-20. A detailed explanation of the operation of the samplerappears in Section C of the Hanford Works Technical Manual (Hw-1o4y5).

Samplers employed in the 241-Wi and 244 Buildings differ from.thoseused in the 221-U Building in that the air lift is supplied with com-c pressed air.rather than air at s pressure The i to which
liquid must be raised in the 241-mR and 244 tanks (30 to 40 ft.) tceh-sitated this design revision.

Samples are collected by means of "bayonet" or "trombone" typesamplers, depending upon the radioactivity level of the solution beingsampled. Construction details of these samplers are shown in FigureTcI-21, and a description is presented in Section C of the Hanford WorksTechnical Manual (EaW-o475). The "bayonet" is placed in a portable shieldfar transfer of the sample to the laboratory. A heavily-shielded samplecarrier known as a "Door Stop" is used for transporting the "trombone"pipette containing the sample. "Trombone" type samplers are used on allwaste samples and all uranium-bearing process samples from the feed tanksto the RC Column. The "bayonet" type sample is taken of waste accumula-tions in Section 5, process streams from the RC Column to the 1CU tanks,and other organic and aqueous streams which are normally low it radio-activity.

The Waste Neutralizer Trnk, TK-ll-6, is provided with a pH sampler.Its purpose 'is to maintain a continuous record of the pH of the neutraliz-ed aqueous coun wastes (RAW and ROW streams) prior to concentration.This sampler is identical with the other 221-U Building samplers with theexception that its samplor cup is provided with Beckman electrodes bymeans of which the pH of the solution is monitored. The pH measurementis then transmitted through an electronic bridge circuit to the recorderin the operating gallery.

5. Strainers

Basket-type strainrs are used in the aqueous make-up facilities toremove any insoluble material which may enter the system in the drychemicals.

In the standard basket-type strainer the stream enters a flangedinlet in the filter, flows downward into the screen basket, through thescreen, and out through the flanged outlet, which is in line with the
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inlet. The screens used range from 10 to 100-mesh. The cast stainless
steel strainer body has a bolted lid, which may be opened to permit the

removal of the basket for cleaning.

6. Phase SeparctorSP-385

In the 276-U Building a separator, SP-385, is used to separate the

aqueous phase from the organic phase after treatment of the organic
solvent in the Organic Treatment Tank, TK-386.

The separator is a Type 347 stainless steel, horizontal tank-like
vessel approximately 6-1/2 ft. long and 14 in. in dicmeter,with a ver-

tical,8-5/8 in. O.D. by 2-ft. drain leg at one end. The mixed phases

enter the separator, pas through a coalescing medium (wood excelsior),
and then pass between flat, horizontal, parallel plates (cbout 1/4 in.

apart) to produce laminar flow. In the settling chamber beyond the
plates,the aqueous phase drops into the vertical drain leg and is drawn
off through a manually operated valve at such a rate as to maintain an
interface in the vertical drain leg sight glass. The organic phase
leaves through the top outlet of the separator.
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EFEMUCES

(1) Design Instruction Letter M-1, Materials of Construction for Process
Equipment - Waste Metal Recovery Plant, 7-12-50.

(2) Design Instruction Letter M-2, Process Equipment - Waste Metal
Recovery Plant, 7-20-50.

(3) Design Instruction Letter M-3, Rotating Equipment - Waste MetalRecovery Plant, 5-2-50.

(4) Design Instruction Letter M-5, Special Protective Coatings - Waste
Metal Recovery Plant, 6-28-50.

(5) RW-3791 Design Division Standard SPecification-Surface Roughness
Rev. 2. G. H. Hill. 4-13-49.

(6) EW-4311 General Specification for Material Procurement and Shop('NJ Fabrication of Class I, II, and IIU Vessels - Job 15.
The Kellez Corporation. 10-25-50.

(7) EW-4608 General Specifice±±ons for Material Procurement and
Erection of Outside Storage Tanks -- Job 15. The ZellexCorporation. 11-28-50.

(8) Ew-1o475 H.E.W. Technical tnual, Section C. Aithor not stated.
5-1-44. Centrifuges Pp. 515-518; Gang Valves Pp. 245,249, 250; Samplers Pp. 526-531.

(9) BPF 2874 Calcining Pots.

(10) BPF 2890 Slurry Accumulator and 241-WR Diversion Vault Tanks.

(11) BPF 2961 Concentrate Receiver Tanks.

(12) BPF 3021 UNE Storage Tanks.

(13) BPF 3023 Organic Treatment Tank.

(14) BPF 3102 7-1/2 Hp. Agitators.

(15) BPF 3103 Evaporators.

(16) BPF 3103 Concentrate Cooler Tanks.

(17) BPF 3103 Bubble-Cap Columns.

(18) BPF 3106 Product Concentrator Fractionators.

(19) BP 3120 Organic Treatment Sampler Tank.

(20) BPS 3170 TBP Storaga Tank
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HEFEENCES (continued)

(21) BPF 3190

(22) BPF 3191

Condensers.

EN03 Absorber.

(23) BPF 3272 25 and 40-Hp. Agitators.

(24) BPF 71238

(25) BPF 73550

Centrifuges.

Underground Storage Tanks.
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Figure XV-3
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Figure XV- 5
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CHAPIER XVI. OTHER PROCESS EQUIPMENT

A. GEflERAL LESIGN FEATURES CF PROCESS EQUIPMNENT

1. Introduction(2)

In the design of the process equipment for the Uranium Recovery
Plant several factors in addition to the fulfillment of the specific
process requirements had to be considered. These factors included:
(a) the restrictions (i.e., size, shape, and number) imposed by the
use of available buildings existing at the time of design (the stand-
by Bismuth Phosphate Plant Buildings 221-U and 224-U); (b) the neces-
sary design features to allow for remote handling and maintenance of
all "hot" equipment(i.e., equipment used for highly radioactive solu-
tions); (c) the standardization of equipment to allow for interchange-
ability; and (d) the modifications required to permit the use of spare
Bismuth Phosphate Plant vessels that were on hand.

C'Q On the basis of process and remote maintenance requirements, vessels
have been classified as follows:

Class I -- ali "hot", stainless steel vessels designed for remote
maintenance and handling;

Class II -- all stainless steel vessels designed fcr contact main-
tenance and used for "cold" or low-level radioactive solutions; and

Class III -- "cold" vessels made of carbon steel. Vessels con-
structed of material other than carbon steel or stainless steel are
included in Class III-Special.

The vessels in the 241 Tank Farms, 244 Process Tank Vaults, and the
241-WR Diversion Vault are not included in any of the above classifica-
tions.

2. Class I Vessels

2.1 Materials of construction )

Class I vessels are of all-welded construction fabricated from either
Type 347 or 304 E.L.C. (extra low carbon) stainless steels except for the
tubes in concentrators. These tubes are Type 309S Cb stainless steel.

2.2 Heads

Except for condensers, both bottom and top heads of Class I vessels
are the flanged, flat (not dished) type with a rounded inside corner
between the head and the shell. Bottom heads of new vessels are level,but the old bismuth phosphate process tanks adapted for use in the
Uranin. Recovery Plant have a bottom-head slope toward one edge of the
vessel.

ttr;.OELA$SIFED lo
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2.3 Shells

Tank shells are normally designed for an internal pressure range of
-0.5 to + 5 lb./sq.in. gauge at a temperature of 2500F. However, the
range of design pressures and temperatures for concentration equipment
(evaporators, deentrainment columns, condensers, and coolers) is greater.
In general, design pressures are 1-1/2 to 2-1/2 times the estimated work-
ing pressure.

2.4 Tank coils and Jackets

Tank coils are designed for use with 100-lb./sq.in. gauge steam at
3370F. Fabrication is with as few welds as possible, and the coils are
stress-relieved prior to installation in the tank. In general, coil

CO nozzles are a part of the tpp head nozzle pattern and are welded to this
head. Tank Jackets are designed for a working pressure of 40 lb./sq.in
gauge at 250,. Jacket nozzles are attached to the top head and upper
shell but are not a part of the top head nozzle pattern.

C".

2.5: Remote maintenance and handling features

To fulfill remote maintenance and handling requirements, (see Chapter
XVIII for discussion of procedures and description of equipment) vessel
design features include the following:

Connectors: All lines, including instrument, lubrication, and
electrical lines are connected to vessels and associated equipment by
means of remotely operated connectors. Tank nozzles providing access to
the vessel interior are located on the top head, generally near the periph-
ery, in a pattern approximating the head shape. On vessels other than
tanks,connectors are located wherever suitable to fulfill process and re-
mote maintenance requirements. Mounting braces and kickplates are provided
where the vessel body or head does not serve these functions of supporting
the nozzle and loosening the jumper.

Mating equipment: Mating equipment pieces are generally secured to
their respective vessels by means of "captive" stud& and remotely manip-
ulated "free" nuts. When the equipment is removed, the gasket between
the flanges is retained by the piece which is removed first. On engage-
ment of mating pieces, correct alignment is assured by means of two dowel
pins and companion holes in the mating flanges.

Lifting bails and trunnions: All vessels and removable auxiliaries
are provided with lifting bails or trunnions, which permit remote handling
by means of standard hooks or yokes. Structurally, these bails or trun-
nions are strong enough to lift the empty vessel and all auxiliary equip-
ment and are so located that the vessel will balance when lifted.with the
equipment removed.

Dimensional tolerances: Close tolerances are maintained on vessel
support and nozzle location dimensions, thus allowing the major portion
of the over-all cell tolerance for dimensional variation in the cell
jumpers. Except for vessels in the concentration cells, gasket faces for
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connectors and auxiliary equipment mounting flanges have a tolerance of
t 1/64 in. from a datum plane (usually the plane of a vessel support

pad). The tolerance on connector nozzle and flange center lines is
t 1/16 in. on concentrator cell equipment, the tolerance on both the

nozzle gasket face and the center lines is t 1/32 in., this tolerance
being increased to t 1/8 in. where thermal expansion of the vessel my
have a significant effect.

Vessel positioning; Vessels are horizontally positioned by means
of V-block guides attached to the cell floor and positioning arms which
are bolted to lugs on the vessel shell. Vertical positioning is
accomplished by the addition of shims and floor plates attached to the
vessel support pads. In-a concentration cell, the evaporator, deentrain-
ment column, and condenser are mounted on a steel framework, and the
framework is positioned in the cell by means of the guides and lugs
mentioned above.

Draining and flushing: All vessels can be completely drained or
emptied and flushed. Generally, there are no internal or external liquid-
retention pockets.

Finishes:&(5)(6 ) The vessel interiors have a standard No. 1 mill
finish, substantially unmarred by hammer marks or weld spatter. All
welds are ground smooth, and welds securing studs and dowels to equip-
ment mounting flanges are flush with the parent metal. Stainless steel
surfaces are cleaned, pickled, and passivated after fabrication of the
vessel. Non-stainless steel parts are coated with a chemical-resistant
paint, Amercoat No. 23 to 55.

3. Class II and Class III Vessels

Class II and Class III vessels differ in that the former are made of
stainless steel and the latter of carbon steel. Vessels made to Class II
or III specifications of materials other than carbon steel or stainless
steel are designated as Class III-Special. All Class II and Class III
(including Class III-Spebdal) vessels are of all-welded construction and
are designed according to normal chemical plant practice.

Vessel bottom and top heads may be any of the following three types
of construction: (a) flanged and flat (not dished); (b) flanged and
dished; or (c) conically shaped (tops only). The flat bottoms on some of
the old bismuth phosphate process vessels adapted for use in the Uranium
Recovery Plant are sloped toward one edge. Nozzles may be located in
any part of the shell or head.

Non-stainless steel components are painted with Amercoct No. 33 or
55. Mineral wool or fiber glass insulation and weather-proof coating is
provided wherever necessary to maintain the chemicals in a fluid condition
in cold weather.
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16o6 DECLAS
B. TANS

Tanks used in the Uranium Recovery Plant may be divided into two
groups: (a) "hot" tanks, designed for remote maintenance and handling;
and (b) "cold" tanks, used for "cold" or low-radioactivity-level solutions
and designed for contact maintenance. "Hot" tanks include the Underground
Waste Storage Tanks (241 Buildings), some vessels in the 244 Process Tank
Vault and 241-E Diversion Vault Buildings, and Class I vessels in the
TBP Plant (221-U Buildingjcanyon cells. "Cold" tanks include vessels in
the "cold" process solution make-up facilities, the 221-U Building operat-
ing gallery, U03 Plant (224-U Building), and some vessels in the 244
Process Tank Vault and 241-0 Diversion Vault Buildings. The general
principles of design for these vessels are summarized in Section A. A
tabulation of the salient design features of the Uranium Recovery Plant

-= tanks is presented in Table XVI-l.
CO

1. "Hot" Tanks

1.1 Underground Waste Storage Tanks(25)

1.11 General

Underground storage tanks are located in the 241-B, BX, BY, C, T,
TX, TY (under construction at time of writing), and U Tank Farms in the
200-East and 200-West Areas. These tanks contain the bismuth phosphnte
process uranium wastes, which constitute the radioactive feed to the
Uranium Recovery Plant and also serve as storage vessels for "hot" waste
from the TBP Plant. (Reference is made to Chapters II, XII, and XIV for
process details.) There is a total of 108 underground storage vessels in
the above tank farms: (a) sixty 75-ft.-diameter tanks with a capacity of
530,000 gallons each; (b) thirty-six 75-ft.-diameter, 750,000-gallon
tanks; and (c) twelve 20-ft.-diameter, 55,000-gallon tanks. Those from
which uranium is to be recovered include twenty-seven type (a), fifteen
type (b), and four type((c). (See Chapter II for a complete list of
tanks from which uranium is to be removed.) The tanks are all of the
vertical cylinder type, made of concrete with a carbon steel liner.

1.12 Typical vessel

A section-elevation drawing of a typical underground storage tank,
including the uranium removal equipment, is presented in Figure XVI-1.
This is one of the 750,000-gallon tanks located in the 241-TX and BY
Buildings.

The carbon steel liner forms a 75-ft.-diameter storage bowl, 24 ft.
deep at the edge and 25 ft. deep at the low point in the center. The
rounded corner between the bottom and the wall has a 4-ft. inside radius.
The tanks are arranged in cascades of three, four, or six vessels. The
first tank is provided with four 4-in. inlet pipes for receiving solution
from a diversion box. A 4-in. overflow pipe is provided, feeding into the
succeeding tanks through a 42 in. nozzle and allowing the maximum liquid
level to be 2 ft. below the top of the steel liner. Inlet pipes are not
welded to the vessel shell, but are fitted into a sleeve to allow for
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thermal expansion and contraction.

The top head (dome) is provided with thirteen risers extending
to grade level. These include five 42-in,, three 12-in., and five 4-in.
-diameter risers. As shown in Figure Ml-1, some of these risers are
used for uranium removal equipment and are enclosed by concrete pits.
In so doing, two of the 12-in. risers are blocked off by the pit side
walls. The sluicing nozzles, recirculating lines, and slurry pump are
installed on 4 2-in. risers. In the pump pit, the heel jet is installed
on a 12-in. riser, and the pit drain enters the vessel through a 4-in.
riser. Remotely operated connectors located on the pit wall and on the
uranium removal equipment facilitate attachment of process piping.
Remote maintenance and handling of equipment is accomplished by use of
a gantry crane (described in Chapter XVIII).

1.2 244 Process Tank Vault and 241-WR Diversion Vault Tanks(10)

Buildings 244-TXR and U0 each contain three "hot" tanks: a Slurry
Accumulator and two Blend Tanks. However, the 244-BfR and CR BuildingsC__ contain four "hot" tanks, the extra tank being the Process Pump Tank.
The 241-WE Diversion Vault Building contains five "hot" tanks: twoFeed Receivers, TX-WR-003 and TK-W-005; two Feed Samplers, TK-WR-002
and TK-WR-004; and a Waste Pump Tank, TK-WR-001.

The Slurry Accumulators are constructed of carbon steel and all
other tanks in the vaults are fabricated of stainless steel. All tanks
are vertical, cylindrical tanks with dished heads. Spray rings are
provided around all equipment nozzles for cleaning the equipment as it
is withdrawn from the tank.

1.21 Slurry Accumulator TK-UR-001

The Slurry Accumulator is a carbon steel, 20-ft. O.D. by 19-ft.
2-in. tank, having a capacity of 50,000 gal. Construction details are
shown in Figure XVI-2. Three large equipment nozzles (18 in., 24 in.,
and 50 in. 0.D.) and 10 smaller instrument and process nozzles are
provided in the top head. Special features include spray rings around
the large equipment nozzles with which the agitator, pump, or jet may
be rinsed as it is removed. The sluice pump fits into a "pump boot" so
located that 28,000 gel. of solution is required for the pump to takesuction. Three 1-in. holes in the bottom of the boot allow it to drain
whenever the tank is emptied. Four 15-in.-wide baffles are provided inthe tank to improve agitation of the slurry. The tank is supported byfour legs which rest on strain gauges. The gauges are used to determine
the weight of the tank contents. (See Chapter XIX for a discussion ofthe strain gauge.)

1.22 Other "hot" tanks

The Blend Tanks are stainless steel, 14-ft. O.D. by 12-ft. tanks,having a capacity of 15,000 gallons. Each is equipped with an agitator,
pump, and cooling coils. The 2 -concentric-ring coil (7 turns high) ismade of 34/2 in. O.D. (0.203-in. wall) stainless steel tubing. Ten
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instrument and process nozzles are provided in the top head.

The Process Pump Tanks are stainless steel, 50,000-gal. tanks con-
structed the same as the Slurry Accumulator except for the number of
nozzles. These tanks are equipped with a pump and 10 nozzles for
instrument and process lines. The Feed Sampler and Feed Receiver Tanks
in the 241-WE Diversion Vault Building are 50,000-gal., stainless steel
tanks constructed identical to each other. Except for nozzles and type
of support, their construction is the sane as the Slurry Accumulator.
Three equipment nozzles contain an agitator and two pumps, and 9 other
nozzles supply instrument and process addition lines. An integral skirt
base provides support for the tanks.

The Waste Pump Tank is identical to the Feed Receiver and Sampler
Tanks, except that it is equipped with a sparger and has three nozzles
to accommodate pumps.

1.3 221-U Building canyon vessels

The TBP-Plant "hot" tanks, located in the 221-U Building canyon
cells, are Class I vesseal designed in accordance with the general
specifications summarized in Section A. Except for the Deep Cell Sump
Tank (Subsection B1.33), these tanks are either of the vertical cylinder
type, or of the vertical "oval" type. The "oval" tanks have parallel
plane sides and semi-cylindrical ends.

1.31 Vertical cylindrical tanks(.)

The Concentrated Feed Receiver, TK-6-7, is a typical vertical
cylindrical tank, a drawing of which is presented in Figure XVI-3.
This vessel is 8 ft. in diameter by 14 ft. high (not including top-
head projections) with a working volume of 4500 gal. The flat, flanged
top head is provided with sixteen 3-in. connector nozzles and separate
flanges for mounting a pump and an agitator. The head is reinforced
internally by four radial stiffening ribs. The coil is made of 2-in.
pipe and is approximntely 68 ft. long. It is supported at four points
by cross members on vertical columns which are welded to the bottom
head. The four vessel supports are made of 8-in. pipe, welded to the
bottom head. The slope of the plane of support conforms to the cell
floor slope, so that the vessel is level.

Other 8-ft. by 14-ft. tanks are identical in design except that
they are provided with a jacket in place of a coil. The jacket is made
of 3/16-in. plate and encloses the entire shell (5/8 in. thick) except
for 12 in. at the bottom and the top. Between the jacket and shell, five
circumferential baffles are provided, spaced 2 ft. apcrt, welded to the
shell only. Each baffle has a 15c opening at 1800 orientation from open-
ings in adjacent baffles. Near the top, the jackot is vented to its out-
let line through a 1/8-in. pipe. Jacket inlet and outlet nozzles are 2 in.
and 3 in. in diameter, respectively.

Other vertical cylindrical tanks include sizes ranging from 1350 to
4500 gallons working volume. These vessels are similar in design to the
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8-ft. by 14-ft. tanks described above with the following chief exceptions.

(a) A single mounting flange is provided for the pump and agitator
assembly on the 5-1/2-ft. and 7-ft.-diameter tanks.

(b) The number of process nozzles is reduced to 9 and 10 for 5-1/2
ft.-diameter tankA, and 11 and 12 for 7-ft. tank.

(c) The Centrifuge Catch Tanks, TK-14-2 and TK-14-7, and the Aqueous
and Organic Sump Holdup. Tanks, TK-5-1 and TK-5-2, are modified
Bismuth Phosphate Plant vessels which have the bottom heads
sloped 3/8 in. per diametrical foot, conforming to the cell
floor slope. Other design features of these modified vessels
include interior vertical baffle plates attached to the vessel
shell, a short jacket (enclosing approximately the lower half
of the shell) on TI-;lk-2 and'TK-14-7, and a special type of
connector on TK-14-2 and TK-14-7 for the inlet line from the
centrifuge.r

1.32 Oval tanksOlE)

Cr Of the oval tanks,the type most extensively used is 10 ft. wide by
16 ft. long by 14 ft. high (not including top head projections), with aworking volume of 12,000 gal. A drawing of this type of vessel is present-ed in Figure XVI-4. The flat, flanged bottom head is reinforced by thevessel supycts extending the entire width of the head. The slope the
plane of support conforms to the cell floor slope, so that the vessel willbe level. The shell and the top head are reinforced by internal stiff-eners. The top head is provided with sixteen 3-in. connector nozzles andsix flanges for mounting two agitators and four pumps. The coil is madeof 2-in. pipe and is approximately 245 ft. in length.

A second type of oval tank, the Waste Neutralizer, TK-ll-6, is the
same in over-all size and shape as the oval tank discussed above. How-
ever, because of its unique process function, the following features- are
included in its design:

(a) Six of the nineteen connector nozzles discharge into a 6-in.
pipe manifold located inside the tank approximately 12 in.
below the top head. These nozzles are for acid waste and
caustic addition. The manifold discharges into the intimate
mixing zone of an agitator located near one end of the tank.

(b) The intimate mixing zone of the agitator referred to in (a)
is surrounded by a double-row coil, fabricated from 2-in. pipe,
approximately 470 ft. long. Coils are 36 in. and 45-1/2 in.
in diameter.

(c) Three interior baffle plates, 10-1/2 ft. high by 7-1/2 ft. wide
are provided to preclude "short-circuiting" of liquid from the
inlet end of the tank to the discharge pumps. These baffles,
spaced 21 in. apart, are welded to the bottom head on the 7-1/2ft. edge and to the vessel well on the 10-1/2 ft. edge. Alter-
nate baffles are attached to opposite walls of the tank.
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(d) Four mounting flanges for one agitator and three pumps are
loeated near the end of the tank opposite the agitator re-
ferred to in (a).

The Feed and Waste Coolers, E-6-2, E-7-2, E-8-2, E-9-2, and E-10-2
are oval tanks of a third type. These coolers are 3-1/4 ft. wide by 7 ft.
long by 4 ft. high with a working volume of 450 gallons. Flat sections of
the shell are 1/2 in. thick, and curved sections are 1/4 in. thick. The
top and bottom heads are flat and flanged, the bottom being 3/8 in. thick
and the top 1/2 in. thick. The top head is provided with seven 3-in.
connector nozzles and a single mounting flange for the pump and agitator
assembly. A double-row coil is provided, fabricated from 2-in. pipe,
approximately 390 ft. long. The coil is supported at six points by cross
members on columns welded to the bottom head. Coil ends pass through the
shell, rather than through the top head of the vessel, and inlet and dis-

=r- charge nozzles are located outside of the head nozzle patterns. The
vessel is supported at six points by 6-in. pipe stubs welded to the
bottom head.

1.33 Deep Cell Sump Tank TK-5-6

The Deep Cell Sump Tank, TK-5-6, is a rectangular open-top tank, 11
ft. wide by 18 ft. long by 7 ft. high with a working volume of 10,000 gal-
lons. It is box-like in construction, fabricated from 3/8-in.-thick plate
with extensive interral reinforcing.

2. "Cold" Tanks

2.1 General

"Cold" tanks are generally designed in accordance with the specifi-
cations for Class 11, III, and III-Special vessels given in Section A.
The vertical-cylinder-type tank is used most extensively, with a height-
to-diameter ratio varying from 1 to 2. The chief exceptions in this re-
spect are the 9-ft.-diametcr by 36-ft.-long horizontal storage tanks.
Common design features for "cold" tanks include bottom outlets, side-
entering coils, overflows, top-head vents, and manways. In addition,
stilling chambers for weight-factor and density dip tubes are attached
to the shells on agitated tanks. Flat, dished, or conical heads are
used. The conical shape is employed for top heads only, and these are
externally reinforced. Vessels that were on band prior to plant design
are used extensively. Some of these have sloping bottom heads end are
fitted with remote-maintenance-type connectors, modified to permit direct
maintenance.

2.2 Organic Treatment Tonk TK-386(13)(19)(20)

The Organic Treatment Tank, TK-386, located in the 76-UT Tank Farm,
is a typical Class II process vessel (see Figure XVI-5). This stainless
steel vessel has a 14-ft.-dimeter by 14-ft.-high shell with 12-ft.-
radius dished heads. The 3-in. overflow is located approximately one
foot below the shell top, allowing an overflow volume of 16,600 gallons.
The over-all height of the vessel, including the mounting skirt, is
21 feet.

DELASSE UM



Er

U3UISSV1O3O

I
-- ;t

I
I

:1
.5

I;
Acii

I
I

I

I
I
I
1
I
I
I
5
U

9

! ~ -&

I

fif Iumumuas warp fpruzrzp
J.

qti
'if

a!

ii
I

I
I
£

I
N

I
S
I
II
I

it
1

;z ED
114

I

.... lilU"~rt;i
!!i!f. ! n r

U
p
U

ii 1U~I? :f1pll1 lIftil fit 11111 EIFEIU fuifhItfrf
U if I:RI [H M iii Elf' it

~~'11~ I V'E * ~

go 1, 183agoN

3"

1 1 I

11 1

V

a

ill
II'

-

r.i ii;

*119

ii I itfi Vi

II Ia "I I

I I

I-I= BlOVI
0P161-MH

flU It'

NAS. AM9RNNN aNSI NlSANU am a

111111

'liii * Iw llf

MiglfnfiW

r -

II- **ISi S 1L

Ltz.

II

III
1111IIIii

Ii

II

rc
HELb'l db

-i 

f l

u n

IFp

11

qrnjN artf jjf jr

12211111(ri MIMI runW

Wn

I -- a

II

II

- -

ri t I- I If I

l t I I

, i 2 2 i V

a

S

Ii'

III

SaA!

11I11II
4111111
'.... - i

r

If I f I ifF

r

I

r

I

III

mr

r

Sal

II

Ii

3:

W1I13,1 I

IL r I

V

I.

I,

V

I

r

I

U'

pr.

II

I
I

AN

U.''

I
I

ill
I

'Ii
r

fl I
£

-- I
U
n
Kg I

I
-- I

I

r
K

'If

IH IIii ii

Via

rnil

a in

fill

our#

"i

?Irv

If
0

no

Pr

II

f 1 i

If

lift i if

I

IC,

I

I

p

'

NI

III' fr~
Ii'
I if
I If

1
II

I
I
F

t

it
ir
09

As- )

IL

I
I'

WI

.3 II
IF

L
I,
N

110 iN)

)

If

II

If

Ii

2

gs~issn330

f

ri

t Inomi

(9
4~

HIM IMMI fr



III ofii sII ii ]I II A .. jig I S 1

j aV ' 4' -2 -

0

0

0
T

Rnk

C)

I
I

Il

J$22 $22 $22;

SA jI

dI
435 NIA a:

J,

ALA A !!AA
ise ee ee

J A-. sAAX- 1-1s 1! i ~ its !I In s Il As AM U

-sn r'-'- S

th bh
Ii i

RA.4* fl9

S 1i isa lu1.1- it

Hiss "M ill i st t;4MA A

Aj4A J~, .4i A AAA LLLAAA* r~ cc

wi iiii iiei e eeeee e e ii ii weee.
M2 m n .- .- - a a£

Sa ag ova I ag GsCs A l mi Am Sam E 5A ns i

£222 $a-2in $52 999n

mii
Ii I III

I frAJ.&J
I

W19 .3 g3

Si
i-I

a Ii
Ii
it

ii
II

I!
*1

]I

1 11 a l A 1
if 1 1Vj wi; Im* 11!3 Isp
I la1111111 Ia III H i M111i,1 Jf 4 11 lgal B - Ma a 3

la ul n ut Ilid ,zh d u n PdI i.A ti
n In in in ijl ei 111P'

605304F7?12

Ua

nnn. - -- -- - -- -- - - --- n
3333 ns"R 444 Rg 444.- -R-A -'.

--



DECLA

-C

t

~SIE1EOGEAR BOX a
I MOTOR QI- jflO HEEL

GRADE LEVEL
MAX MANE RAILS

117 -- --

PUMPC -i LUC

WATER PROOFING

. R-UBUAR HOSE MAXIMUM RAISED REG[ TI
PUMP POSITION LINE

.00SLUICING
~NOoOCIRCULATING - SLUICING NOZZLE (SEE FIG, 3E-I-)

]( VESSEL

TOP OF CARBON STEEL. LINER

LIQUID LEVEL -t OF OVERFLOW
- -2THICK CONCRETE WALL TO SCCEEDING EY MAXIMUM LOWERED
/4 THICK STEEL-PLATE WITH 4 0PUMPP0SITION

q WATER PROOFING AND 9 GUNITE
BETWEEN STEEL AND CONCRETE

dc SO60P PUM
HFE JET-

DIMENSION SEE CHAP.

£94FtoT.U88 a 2XI ~ 14' 3WM j f
Thasy 0- 4'i 2-12t-1 

a.-L TX&0 By --~t T0

NOTE FL ST R NG

CHAPTER ZE SHF

4'-<

Figure XVI
NDERGROUND STORAGE TAN---- F-- ---- 24 I-TX, 241-BY a 241-TY AREAS

37 -- RADIUS f I MC GUPCAIf REF. OlWt E4O400 a a
SEE CHAP. )

U-

HW-19140
Fig. X2I- I



Egure 22
SLURRY ACCUMULATOR, TK-UR -001, 244- UR BLDG

REF. DWG BPF No 2890
4" SAMPLER NOZZLE - GtNSTRUMENT NOZZLE

- -- TECMMPIAEED NOZZLE

~ ~ L'SU9 JEOT NOZZLE

-A
4 LIFTING IALS

3w - CTEMPERATURE NOZZLE

RSERSTRUMENT SPARE
A NIO--Z

-JET OUT NOZZLE

PUWPNOZ ZL E 4 * VE NT

6"PROCESS INLET

AGITA TOR NOZ ZLEI

3 PROCESS INLET

BAFFLE PLATES 15* FROM CENTER MATERIAL. FOR COMST3RCII
LINE, TYPICAL FOR FOUR RSRPAYCARBON STEEL

4 36 - M HOLES E

4444 ,RSER SPRAY

-4 Q -v FAAR owLY)

TM Is CLT

.W"NINKLET AMR. -

-ANKILE WRAP 47.4"x

SECTION 'A-A*



Fqure fl-3 HW-19140
CONCENTRATED FEED RECEVER. TK-6-7

CLASS I VESSEL, 221-U BLDG
REF DRAWING: SIPF Na29l

LIFTING BAIL TRUNNION

Q >im-~23"Ql PUMP
FLANGE

(4-, 32OO AGITATOR
FLANGE

9 (0

-tc-o
LUBE EXHAUST
CONTAINER

LIFTING BAIL

PLAN -TRUNNION

(AGITA TOR & PUMP REMOVED)

NOTE:
THIS VESSEL 15 INTERCHANGEABLE
WITH TANKS 7-7 a 8-7.

7.5 HP AGITATOR MOTOR

SHORT DOWEL - DOWEL

16-3'CONNECTOR NOZZLES
t- (A THRU T ON PLAN)

®JETOUTLET (TOTK-6-6) 4t -

PROCESS INLET (FROM TK-6-2)

Q PROCESS INLET (FROM TK-6-2)

MICROPHONE& TEMPERATURE

COIL OUTLET (TO SEWER) Izet

-- 00.D ®SPARE

WT FACTOR& S PGR,.

JSAMPLER

6'.PRCj MM~r R TK

- PAW

U ET' OUTLE

1 - 44 1 ROMWT

- ENTO K 6-6
REFERENCE . -*L
PLANE + EIGHT BLADES + -" LESffiCL#SEDIOPROM - --t 4 .Z PIP p p O *VERTICAL IN HUB E LEVA TION



HW-19140
Figure xIVI-4

TYPICAL OVAL TANK, FEED RECEIVER, TK-3-I.
CLASS I VESSEL, 221-U BLDG.

REF. DWG. H-2-40473

6 - 60"
4 LIFTING
BAILSI --

4-- G) 0. t
23" O.D. PUMP
FL ANGE

A-2

P-4

TRUNNION-
SUPPORTS

COIL
INLET__ L . -*

THIS VESSEL IS INTER
CHANGEABLE WITH TANKS:

TK-4-I TK-3-6
TK-11-1 TK-4-6
TK-1a-1 TX -12-6
TK-I3-I TK-IS-6
TK-15-1 TK-J5-6
TK-16-1 TK-16-6
TK-20-6 TX-18-6

I SHOR

LONG DOWEL

STUD,

©
C

- - -

P:2

1;
A

32" 0.0. AGITATOR
FLANGE

LUBE EXHAUST

LUBE EXHAUST
CONTAINER

(a

LUBE EXHAUST FOR
TK-13-6 ONLY

MATERIALS OF CONSTRUCTION
PART MATERIAL

STUDS a
DOWELS
NUTS
OTHER PAfRTS

- -a

- --

TYPE 416 SS.
ASTM A-193
TYPE 347 OR
304 ELC S.S.

OP STIFFENERS
x8" BARS

- --- TK-3-1
CONNECTOR NOZZ

SPARE
TO VENT HEADE
JET (TO TK-3-

WALL STIFFENERS INLET (FROM 2
x 7 BARS COIL OUTLET

INLET (FROM 2
SPARE

4 MICROPHONE S T
SAMPLER

COIL COIL INLET
I NLET JET (TO TK 4

INLET (FROM T
e INLT FROSM TCOL~ .iWT FAC~aSP GF

TL , INLET (FROM T
SPARE

J W 2' COIL- 6 TURNS

ELE VATION

DECLASSIFIE

R
6)
41-WR)

4i-WR)

EMP

- 1)
K-3-6)
K-X-03)

K-4-1)

COIL
OUTLET

A7

P L A N

Y

T O
TD WEL



DECLSSRED
Figure flE-5

UNH FEED STORAGE TANKS, TK-X-1 a TK-X-2
CLASS I[ VESSELS, 203-U BLDG.

REF DWG.; BPF N2 3021 FLAN

HW-19140

GED CONNECTORS

- HEATING COIL WITH TOTAL
EXTERNAL HEATING SURFACE

11-2 Of 60 SQUARE FEET,
--I.5M - ("SCH 40 PIPE)I

--- 9-a ---- -

-7 ?"e -

\ -4". ->

~ ~\

'1
,- p -

a- ---I
& - 'V

- K _ A
ii, 2

V. A
12 ii -

t6 t->
I

I&S ~2O / N
rw -A'~V-K

(I

K

C

7<
II

/

/

PLAN FOR TK-X-2
(PLAN FOR TK-X-I IS MIRROR IMAGE OF THE ABOVEI

f2 63)14 2010

-HANDRAIL ;! -I3R00P RAFTER
42" HIGH 6-8.2cARBO

kI---

0
©
0
0
©
©
0
0
0
©
0
©
©
0
©
0
©
0
0
©

PS
N STEEL

20"MANWAY

3" BOTTOM OUTLET

6"OVERFLOW
I* TEMP ELEMENT

1 W.FR. a SG.R.

" WER. a S.G.R.

W.FR. a S.G.R.

2"COIL INLET

2" COIL OUTLET

20'ROOF MANWAY

30"AGITATOR

I*PROCESS INLET ( FROM TK-C-3)
2" PROCESS INLET (FROM TK-C-3)

3" PROCESS INLET (FROM TK-C-2)

2" PROCESS INLET (FROM TK--C-4)

2"PROCESS INLET (FROM REDOX)

4"PROCESS INLET (FROM TBP)

3" VENT

I !;SPARE FOR TEMR ELEMENT
14" ROOF FLANGE

CHANNEL)

5

25-O" QD. -

-VALVE
W4ANGLE 00

4SOTTOM PLU±G-.J 't5 VALVE - 4 p t

SECTIONAL ELEVATION
(FOR TRUE ORIENTATION SEE PLAN )

DEG0 FLSS iIFED4 1
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Figure E-6
ORGANIC TREATMENT TANK. TK-386

CLASS I VESSEL, 276-U BLDG.
REF DWG. BPF N2 3023

FOUR BAFFLES, EQUALLY
SMCED (IS"WIDE 'jTHK.) 8

j T
*- 5

(2D 2_-10, 2'".

to \P LAN

FLANG

0
0
S
0
0

HW-19140

E CONNECTORS

2" PROCESS INLET

5"SPARE

2" PROCESS INLET

2" PROCESS INLET

3" WEIGHT FACTOR
INDICATOR

® 16" MANWAY

O 2" PROCESS INLET

1" SPARGER INLET

36" AGITATOR NOZZLE

2" COIL INLET

0 2" COIL OUTLET

3" VENT S OVERFLOW

3" PROCESS OUTLET
(TO DRAIN I SP-385)

I' TEMP INDICATOR
NOZZLE

-STILLING CHAMBER

NG CHAMBER
ET

it SETON L ELVTLNLIR MNA

FR 1R U AI

It It IJ

SECTIN~.LELEVAION KIRTKANWA

(FOR TRUE ORIENTATION SEE PLAN VIEW)

DECLASSIRED

- AFFLES

I I jI4-C"QD i.



DECLASSIFEigure =-7
PRODUCT CONCFNTRATORS

CLASS I VESSELS.
REF. DWG t BPF 3103

HW-19140

E-B- & E-D-1
224-U BLDG.

PEERLESS MIST
JARATOR

- ... ... .. , 6 "O.O. FLANGED

SPRAY NOZZLES 6 O.D. OEENTRAINMENT
S$E LL

I AYINLET

TEFLON GASKET
- - _ .72"O.D. . 66"1.0. ai,

2"TPPRESSURE1z

-- ; 42- D. DISHED
S z . .IMP) GEMENT SAFFL>

2" TEMPERATURE ELEM

72"O.D. VAPOR SHELL

SE' L"EDOWN MER

-4' VAPOR INLET
6. STEAMINLIET

-4 -- POR

STEAM JACKET

384 0. D.
EVAPORATOR
SHELL

K

-w

51.-.1" 0. TUBES

TUBE SUPPORT
BAFFOT

LIFTING B-AL
2" BOTTOM PRESUET

ENT

L2' DRAIN

ARVENT

- LIFTIN SAIL

6' STEAM

S"CONOENSATE
OuT

T ET

PRESSURE

TEMPERATURE

PAy LINE2 LIOUI F INF L

" LOID OUTLET

.iGUIDMKETET

kEE ATE

T~ CODNAEEPASONl

SEE ~ ~ ~ ~ ~ ~ PESR PLNFRTREOINTTOPF OZE

72aA

14 VA$ TLET

0,

'0

..

UP

E

--
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CL ASS II'VE SSELS, 224 - U -BLDG.
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-w DcASSIFED
Figure VO

NITRIC ACID FRACTIQNATORS, T-B-4 & T-D-4
CL ASS U VESSELS, 224-U BLDG.

P.L A,.' s s

e
/ N

- N~

4,-, -

- 1

.SECTION A-A
t ltS -- O )

ivil
If. W Ttwa _______

3--
_____I-mb4m Ds-a rN

.A@AS * i 40% Hh =LET

P 1A4N

RE1.I0hENT-O-2I

'a". *
*4. - -PS

C 'j~~3'i. '-f-o 4.... '-

- I. . 3 WCO zAe CLI.
IV-I

0.14

e -sf -

L - W - -I

* -6uI L
DflTAL -. lISHD _PLATE.

(FOR UPfA EC1I )

a r

a AL L

DETAIL DISHE PLA t0
(FR uOaWR eCtwio

A-

C

-OW-- -

to.n

Fl E VATION
( R T* ORENTATEOEN Me ft")
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I DEIONIZED WATER INLET GA

4 VAPOR OUTLET

PRESSURE TAP

SUPPORT BAND WE R 0
- 4 SLO

DISHED PLATE CINrc 2

BUBBLE CAPS

WATER INLET -

I' WATER DISCHARGE
10 PASS COIL 4
(SECT. 3,4,5,6 8 7) aw

section

I SAMPLER

COOLED PLATE

I' WATER 01 CHARGE
2.O PASS COILt--
(SECT. ,9,10 8 11)

I' WATER NLET

SEAL POT sn 6* VAPOR

3' VAPOR RETURN

r LIQUID OUTLET
8 DRAIN-

COLUMN T

oECLASSIF1ED

- - t 4 11

BUBBLE CAP SPACER ROD INLE

PLATE

1"SAMP

-2

DE TAIL- TY PICAL DISHED PLATE

(.

<V

MATlL MA-ONTEQI

Colunn Shell Type 347 S.S.

Plate Type 347 S.S.Coils TyPe 34? S.5-
Bubble Cops Type 304 B.S.Spacer Rods Type 303 S.S.
Column Support Type 410 SS.
Gaskets Asbestos
Nuts (External) Type 302 S.S.

(internal) Type 303 B.S.
Bolts (External) Type 416 S.S.

(internal) Type 304 B.S.

T WEIR BAFFLES BUBBLE CAP OUTLET WEIR

TYPICAL 20-PASS COIL
2 IN EACH COOLED PLATE)

LERDA

DETAIL-TYPICAL COOLED PLATE

7/ ,BUBBLE CAP

MILLED SLOTS
6 EQUALLY SPACED

I

P ATE

D 2

DE.TAlL-.OUEBLEAP

COLUMNM_SCTION DIMENSION 'A'

8,9,IC a it 5.312* t .005'
3, 4,5,S a 7 2.125" .005
2,3,4.586 0.25sCt.005'

TYPE PLATE

Cooled
Cooled
Dished

DECASIFIED 91

WHW-19140DECLASSI Fig =-i

Figure =-II
NITRIC ACID ABSORBER, T-A-1

CLASS fI VESSEL, 224-U BLDG
REF DWG . -2-50006

H -2-50007H-2-50008
A--

END 12A

2SLOTS 2 ' DEEP 56 BOLTS EQUALLY
L )WEIR (OUTLET) SPACE , DRILL

TS A4 SLOTS 1'x. A EE:P

2 DOWNCOMERS 4 *" DOWNCOMERS

-- .:

T -- 9 99 9 .

C

_9OCT -Q

5EN__...A_-A

t
4



Figure XVI17
FEED SAMPLER TANK AGITATOR

241 - WR BLDG.
REF. DWG.: BPF No. 3272

-A-

GREASE LINE

KEROSENE
OIL
AIR

0-

0.>

--- - - ---

PL_

C

10 BLADES PER HUB

INCLINED 10* FROM
VERTICAL (DOWNSWEEP)

RIGID FLANGE
COUPLING

DIRECTION OF
ROTATION - -

6 .

12"D-

-Ah-
42% D.

EQUIP. PC. Nt.

A-WR- 002
A-WR- 003
A-WR-004
A-WR-005

LIFTING BAIL

25 HP MOTOR

440V.- 3 0

OIL INLET

DIFFERENTIAL SPEED C
REDUCER

FLEXIBLE COUPLING

BEARING LUBE
INLET

OIL OUTLET

THRUST
BEARING

AIR PURGE BEARING LUE
EOUTLET

KEROSENE

TORQUE-
TUBE

UAMETALLI
SEAL

BEARIN B
INLET

A -- GUIDE_
BEARING

BEARING LUBE
OUTLET- -

SLINGER RING

CD

I-
N

3.1

Nt

BOTTOM OF
VESSEL

ELEVATION

Vs
1
ID

I

SET SCREW

-p CD
CD

4s

I

q

4 p -._ j I

I

9212,39ia2s



rXVur4 . s
RO COLUMNS. ET-18-2 & ET-20-2:.
CLASS I VESSELS 22F-U BLDG

RjF.DW -- 07
3' $QI0fECTOR FOR INTERFACE
CONTRLLER DtP TUBES. ." STATIC PRESSURE --

- -4$&

? ROW OUTLET LET I

VES3(L:4JPPORT I

I*STE" INLET ~/, ...- .~rENE
2 NOS INLET

TUD PLATE t-

P LAN EOUALz E

2 ROSINLET 2"ROO OUTLET *

2' ROF INLET

0P PHASE DISENGAGEMENT IF T
c~A CI70:7- 

- ROF DISTRIBUTOR

-4 - ID-
- !x FLAT BAR

y ER PACK:N

- HANDHOLE FOC -
MAKING INSERTION --
29 A. COVER PLATE -
AELOED INTO PLACE

APTE; CLU MN IS

- FLAT BAR

j STA ,C
2_PP.c U~RE LINE

- --- ---- ----

h IFact, '

2ACI WRINGPCKNGGST

Firf

LOWERCING
GRAE- -

ROF DISTRIBUTOR -

ROW JET dSDSR UO

30' "D, BOTTCM -,

LAENRAGDET

-'-EIOT 7N



DECIASSE
Figure XV[-I5

HNO3 BLEACHER, T--C-6
CLASS II VESSEL, 224-U BLDG.

REF. DWS.' H-2- I0010

HW-19140

Ln
1:3

UPPER MOUNTING BRACKET

LOWER MOUNTING BRACKET

3 GAS OUTLET

3"AIR INLET

40% 1010, INLET

TEFLON BASKET

LIQUID FEED DISTRIBUTOR

4-jj f SUPPORT BARS

4x 4* D. PLATE

UPPER OUNTING BRACKET

SIHELL 10" O.D.

LOWER MOUNTING
BRACKET

RASCHIG RINGS

4'-
e fFLAT BARS
ICENTERS

fx 2[
BAR

T AI
DETAIL- PACKING GRATE

1AEE DE RATE

PACKING ORi
SUPPORT

* AIR INLET 3* 401 NNO, OUTLET

MATERIALE .LON_TRUJCTIO
ATE PART NArCIAL

GoehIt Tafle,
Reschi RinAp Type 304 S.S.
Tek Bremks Type 304 S.S.
Well Br..het. Steel, ASTM A-?
Nuts Type 302 or 303 S.S.
Solts Type 416 8.3.
Other Pats Type 347 5.3.

_ELEVAIQ
FOR ORIENTATION SEE PLAN DECLASSIFIED

PLAN

3' GAS
OUTLET

4,

.. .

ON

FLAT



9 2 I2133qos0 5

Figure X!- 1s
CALCINING POTS,.P E I TO P E-$8

REF-ERENCE DWG: BPF 2d /4

AGITATOR THERMOCOUPLEM
BRAKETMOTOR 75 HP

'60 CYCLE, 440 V.

MOTOR REDUCER
-qT UCH PWT 37 RPM OUTPUT

REDUCER SUPPORT 
- DUCT CONNECTOR Bo:

VENTILATING DAMPE

(3 40 OUTLET TO VENTIL,
DUCT 8' 1, D.

DMER I - FURNACE COOLING D
INING VENTILATING DUCT I

LINING COVER -VAPOR THERMOCOUPL

BEARING 
STUFFING BOX
FIXED POT COVER
REMOVABLE POT COV

HWG POT LEVEL ALARM POT'-_
TOP PLATE
JACKET

-FURNACE COOLING DU

THERMOCOUPLE PIPE
SILVER FUSE PIPE

TERMINAL GUARD

4 *,

T LiP FOR GASK

TO UNDERSID

COVERFIXED COVER

GASKE ET WELDED
E OF FIXED

POT COVER GASKET

THERMOCOUPLE WELL

SILVER FUSE WELL

i RAbIANT PLATES
/716 PliIVIDE TO.

St.PPORT t COILS,

-~COIL DATA (HOT)

AMPS E3C.2TVOLTS 220 -

SECTION 8-8 Kw. 2S35 F

CL)

ASBESTOS GASKET FUNACE COOLING AIR

ER A OR
RADARTPL t
CAST ALLOYPOT>

CT RADIANT PLATEC SUPPOR TBOLTS
MAX FURNbCON

CLEARANCE _AIR'JN

- D~IN- O RC
3"DIA. AGN
HOLLOW SHAF 4, 4yX

A-25 t

VERTICAL SECTION

WA 14

1=m
CIO

"SUREX ASBESTOS



Figure 7  CLASSED HW-19140

Fi gure xvH12

FEED CONCENTRATOR STRIPPING COLUMNS,
T-6-4, T-7-4, T-8-4, CLASS I VESSELS, 221-U BLDG.

REF. DWG.L 17850 a 17851
( BPF 3103)

SEAL POT BRACKET

E 14" VAPOR

L 7,~ r INLET -

4 i20 EOUALLY
,. __. SPACED SLOTS
--- 1

LONG A WIDE

DETAIL- BUBBLE CAP

2 (4

/
0

VESSEL SUPPORT
BRACKET

3" DOWNCOMERS

I "1;v.

w.

WATER JNLET
4 WAY CONNECTOR
(ONLY 2 PIPES USED)

20- - 20-

LIFTING
BAIL

SEAL DAM IN
BOTTOM HEAD

,vRFL0W WEIR -- 23-1* OR 14 D.x- 7 SLOTS PLATE SUPPORTS
IN EACH WEIR

3 - 3
a DISTRIBUTING

168 BUBBLECAPS A oS WER .

+ XG.
-J 4 0 0 1O LIFTING0 40 P ) BAIL

- 0 OLd

C0 0

K 2 CONNEC
(TO COOLER)

95f a
(FRICTION FIT IN SHELL)

*- AQUEOUS,
DE TAIL -PLATE OUTLET

_MAT IALS.SF_QNTRUCTI.QN
PAU 04TIRIAL

pw 04W Suie - - Type 416 S.S
,a,0., Sd Nut, 2" F

Shpfl Seert Studs a Nuts, (TO
VWi" Leia Dipls-- Stee, SAE 1020
smi Pwt S.t, Swl
Support Bee, Lifflg sail
Guse a Plato - - - - Stsel, ASTM A-7
Othw POrts - - - - - - - Type 347 S.S.

PL AN

14" VAPOR INLET
VAPOR OUTLET
29" O.D. FLANGE

E THK HEAD

*-"

PLATE Nt 12

PLAT! MS 11
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CHAP'M XVII. MATflIAL TASDLI

A. "C" ISUDGE PUMPS()

1. Introduction

Sludge pumps are used to remove supernate and a homogenized slurry
of sludge and superiate from the underground waste storage tanks in the
tank farms for further processing in the Uranium Recovery Plant.

2. Basis of Selection and Design

The sludge pump was designed to meet the following requirements and
limitations:

(a) Head-capecity characteristics: A capacity of 500 gal./min.
is recuired at a head of 126 ft. of pumped fluid.

(b) Internal pump clearances: The sludge pump handles a slurry
which contains 10 to l5 by volume of 200--mesh solids. Critical
clearances which might be affected by erosion or abrasion and
thus affect the pump capacity are undesirable.

(c) leakage: No leakage of the radioactive slurry is permissible,
except contained leakage which is completely drained back to
the tank.

(d) Mobility: Because of the poor suction lift characteristics of
pumps which fulfill the requirements listed above, vertical
movement of the pump is required to compensate for the rise
and fall of liquid level in the underground tanks.

(e) Length of service: It is expected that the pump will be in
intarmittent service for a period of four to six months.

A centrifugal pump of the mine-devatering type was chosen to meetthe above requirements. This type of pump is a vertical, single-stage,
centrifugal pump, close-coupled to a driving motor. The motor-pump
assembly is mounted on a pulley block and is raised and lowered into thetank by means of a cable which passes around the pulley and which is woundon a winch operated from ground level through a worm gear.

3. Description

A sketch of the slufge pump is presented as Figure XVII-1. Theseveral component parts of the pump are briefly described below.

3.1 Pump

The pump, manufactured by the Nagle Pump Company, is 16 in. in'diameter and has a fully shrouded impeller, screwed to the lower end of
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a vertical shaft. Slurry enters the pump from the bottom through a 6-in.,
axial, vertical suction nozzle, passes through the impeller, and leaves
the pump casing through a -- in. vertical discharge line. The suction
nozzle is covered by 1/4-in, wire mesh made of steel wire, welded in place.

The pump and impeller are made of manganese steel. The external surfaces
of the assembled pump are painted with gray Amercoat No. 23. A cross-
sectional essembly of the pump is shown in Figure XVII-1.

The pump is designed to develop a head of 126 ft. of fluid when pump-

ing 500 gal./min. of slurry. Figure XVII-2 shows the head and horsepower
of the pump at various capacities.

3.2 Shaft and bearings

The vertical shaft drives, supports, and locates the rigidly mounted

impeller. Two ball bearings guide and support the shaft. A mechanical
seal protects the lower bearing from liquid spray and splash in the tank.

-I The nominal 4-in. diameter shaft is I ft. long and is guided by
sealed-for-life ball bearinga, one at each end of a 12-in, diameter bear-

ing support tube. No bearings are located within the pump casing. The

impeller is mounted on the manganese steel shaft three feet below the lower

Cn bearing. An unlubricated standard Dureseal with No. 1 carbon and stellite

seal faces is mounted just below the lower bearing for protection from
splashes occurring during pump operation.

The standard steel ball bearings are not corrosion resistant and must

not be submerged in the pumped fluid. A conductance-type liquid level

detector, located 2 ft. S in. above the pump suction port and 12 in. below

the lower ball bearing, actuates an alarm when covered with liquid.

3.3 Discharge line

The pump discharge line is flexible and extensible in order to allow

vertical movement of the pump assembly.

The discharge piping consists of a vertical section of S-in. schedule

40 steel pipe 28 in. long, two cast steel Chilmon, ball-bearing, flat-face,
swivel joints, which allow rotation in one plane, and two sections of 4-in.

I.D. rubber hose. The fluid passes upward from the pump through the verti-

cal steel pipe. A 90* welded elbow and a 90* Chiksan joint are connected

to a rubber hose which extends downward for 13 ft. 5/8 in. The hose then

makes a U-bend through a 1800 Chikean joint and extends upward for 21 ft.

3-1/2 in. to the pump mounting flange which is fitted with a 4-in. remote

connector.

As the pump is lowered, the lower U-bend of the discharge line swings
to one side and the Chiksean joints rotate, thus allowing the pump to be

lowered to the bottom of the tank.

3.4 Motor

The driving motor is 60-h.p. output (7-h.p. rated input), 440-volt,
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3-phase, 1200-rev./min., vertical flange mounted, totally enclosed, fan
cooled, and is equipped with sealed-for-life ball bearings.

Actual horsepower-capacity tests with water indicate that the motor
will be 20 to 30 overloaded when a solution having a specific gravity
of 1.26 is being pumped at 600 gal./min. Under these conditions the
motor manufacturer expects the motors to last approximately one year
based on an intermittent operating schedule of 12 hours running and 12
hours idle. The bearings are pecked with Dow Corning silicone grease No.
44, to resist the heat developed under these conditions.

A 40-ft. flexible power cable, consisting of- four conductors of
number 2 wire, is led to the motor from a spring wound Reelite cable reelinstalled on the mounting flange.

3.5 Mounting

The pump assembly is suspended from a mounting flange which supports
C= the power cable reel, an instrument cable reel, a reel for the pump sus-pension cable, two electrical remote connectors, and the discharge con-nector nozzle. The mounting flange is supplied with a lifting bail.

The mounting flange is positioned on an adapter flange with two
dowels and is retained with four free nuts. The adapter flange is weldedto a 3-ft. diameter casing which extends downward from the bottom of a
pump pit through the tank top and surrounds the pump assembly when the
mechanism is in its uppermost position. The casing is equipped with acircumferential water spray for flushing the assembly prior to Lts removal
from the tank.

3.6 Raising and lowering facilities

A 30-in. diameter hand wheel mounted on a pedestal above the pumppit cover turns a 3-1/2 in. diameter vertical shaft which terminates ina worm at the pump mounting flange. The worm engages a worm gear on the12-in. diameter cable reel. The reel holds 100 ft. of rectangular crosssection (1/4 by 1-1/2 in.) support cable. The cable extends downwardthrough the mounting flange, passes around a 15-7/8 in. diameter sheaveabove the pump, and is connected to a lug on the bottom of the mountingflange. The pump and motor assembly is slung on two 1-in. diameter supportrods from a pulley block. The pump suction nozzle mae be lowered to thebottom of the tank by manipulation of the hand wheel.

3.7 Process pDping end control

Routing of the pump discharge is accomplished by jmuaers in the pump
pit. Approximate flow rate measurement may be determined by the use of a

*) After installation of the pump assembly, it was found that several menwere required to turn the hand wheel which raises and lowers the pump.A horizontal lever attached to the hand wheel was therefore installedto aid this operation.
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strain gauge which measures the weight of the Slurry Accumulator to which
the sludge pump discharges. The gauge is described in Chapter XIf.

B. "HOT" BOOSTER PUMPS

1. Introduction

Only one uranium removal installation (described in Chapters XIII and
XIv) has been provided for the T and TI Tank Farms. The installation is
located at the TX arm. Booster pumps are required to aid the transfer of
liquid through approximately 1/2 mile of pipe connecting the two farms.
One booster pump aids transfer of slurry from the T cascades to the TX Farm
Slurry Accumulator (TK-TXR-001). Another pump boosts the pressure of the
supernate returned from the Slurry Accumulator to the sluicing nozzles in the
T Tank Farm.

Eli 2. Basis of Selection

The following specifications served-as a basis for selecting the two
booster pumps.

(a) Heed-capacity characteristics: The pumps are required to have
tie same capacity as the sludge pump and the Slurry Accumulator
pump (sluicing pump) which are boosted. The requirements are
600 gal./min. at a head of 119 ft. of pumped fluid.

(b) Internal pump clearances: Small clearencts which might be
affected by erosion end abrasion and result in changes in the
pump characteristics are undesirable.

(c) Orientation of auction and discharge nozzles: The TX Tank Farm
is at a higher elevation than the T Farm. In order for the
booster pumps to drain completely, the unit which pumps down-hill
from the TX Farm to the T Farm should have its suction nozzle at
a higher elevation then the discharge nozzle, and the unit which
pumps up-hill should have its auction nozzle lower than the dis-
charge nozzle.

(d) W of service: The pumps are required to operate 12 hours
ytE for a period of. two to three months.

Because of the very short service life required and since only two
pumps are necessary, standard centrifugal pumps were selected for the re-
quired service. Shaft-seal leakage is collected and returned to the vessel
from which the leakage came.

3. Description

A horizontal centrifugal pump and a vertical-shaft centrifugal pump
were selected for booster service. A cross-sectional view of both units
is shown in Figure XVII-3.
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3.1 Impeller, shaft, and casing

The semi-shrouded impeller in each pump is made of cast iron, and is
keyed to the carbon steel shaft and fastened in place with a lock nut.
The cast iron, volute-type casings have 5-in. flanged, tangential discharge
nozzles and 6 -in. flanged, axial suction nozzles. As shown on Figure
XVII-3, the slurry enters the vertical pump from the bottom, while slurry
leaves the horizontal pump through the horizontal, tangential discharge
nozzle at the bottom.

3.2 Bearings

The horizontal pump has two grease lubricated, double-sealed, pillow-
block ball bearings, mounted on a cast iron cradle.

The vertical pump has a grease-lubricated radial-thrust ball bearingmounted below the shaft coupling. A water-lubricated bronze sleeve beer-
C= ing above the impeller guides the lower end of the shaft. Water is supplied

to the bearing through a 1/4-in. pipe from the seal water supply system.
cvy

3.3 Shaft seal

Both pumps have standard double Durn Seals, with carbon and dtellite
seal faces. The seals are lubricated with water supplied from a special
water seal system, which comprises a pump, tanks, and regulators arranged
to supply water to the seal at a prossure slightly higher then the dis-
charge pressure.

3.4 Motor and coupling

The pumps are driven by 50-h.p., 1800-rev./min., 220/440-volt, 3-
phase, 60-cycle motors of totally-enclosod, fan-cooled construction.
Motor controls are located on the panel board in the 271-TR Building.

The pump shafts arc driven through standard flexible couplings.

4. Performance

The specifications require that those pumps boost the head of a
S00-gal./min. stream by at least 119. ft.

C. "HOT" LIQUID AND SU y pUMpSn(2)(3)

1. Introduction

The majority of the ."hot" pumps for the Uranium Recovery Plant are
of one general design and are of the deep-well turbine type. These pumpsare used throughout the 221-U Building for pumping of radioactive liquidsand slurries and in all other locations where "hot" pumps are required,except for the sludge pumps and booster pumps.
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2. Basis of Selection and Design

The selection of pumps for "hot" liquid and slurry service was based
on the following requirements:

(a) Head-capacity characteristics. Pumps are required to meet a
wide range of head and capacity conditions in the 221-U Building,
the tank farms, and the diversion stations. Heads range from 20
to 393 ft. of fluid and flow rates range from 13 to 600 gal./Min.

(b) Materials of construction: Construction materials must resist
corrosion by the process solutions and erosion due to the slurries
which are pumped.

(c) Life expectancy: A minimum life expectancy of one year without
CrO contact maintenance is desired.

C=I
(d) leakage: No leakage of radioactive solution from the pump is

ku' tolerable.

(e) Flushing and draining: The pump must contain no pockets that
are not flushable from the discharge line and must be completely
drainable through the suction port.

(f) Strength: The pump must be strong enough to withstand impacts
and strains imposeC by the remote handling equipment.

A multi-stage, vertical, deep-well turbine pump was selected for the
hot" liquid and slurry pumps.

3. Deep-Well Turbine Pump

3.1 Theory of operation

The pump fluid enters the suction port of a deep-well pump axially
at the bottom and passes directly into the eye of an impeller. The fluid
is accelerated as it passes between the impeller blades. This accelera-
tion is termed an "impulse" and is due to the difference in peripheral
speeds between the inner and outer ends of the impeller blades. In general,
the acceleration is proportional to the square of the impeller diameter,
the shaft speeds being equal.

After leaving the impeller, the fluid enters a diffuser which con-
sists of a set of channels leading to the eye of the impeller in the next
stage. Since the fluid enters the pump at the same rate as it leaves the
pump, the increase in velocity head gained by the fluid as it passes
through the impeller is converted to pressure head in the diffuser.

The head developed by a multi-stage pump is approximately equal to
the head developed in a single stage times the number of stages.
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3.2 Effect of process variables on pump characteristics

The head-capacity curve of a pump is not affected by differences in
density of the fluid pumped, but the discharge pressure and the bralk
horsepower of a pump at any flow rate are directly proportional to the
density of the pumped fluid. Viscosities up to 25 centipoises do not sig-
nificantly affect the head developed at any flow rate as compared to the
head developed when pumping water. A more detailed discussion of the
effect of density and viscosity on pump performance may be found in Chap-
ter XVII of the Radox Technical Manual, HW-18700.

4. Process Requirements

In 221-U Building, 62 pumps are used for transferring "hot" solutions
and slurries. The 241-WE Diversion Station requires eight "hot" pumps.
Four pump vaults in the various- waste storage tank farms require a total
of 17 deep-well turbine pumps, including two pumps installed in under-
ground supernate holdup tanks (241-TM-ll3 and 241-B-109). One pump in
the Slurry Accumulator in each of the pump vaults supplies solution under
pressure to the sluicing nozzles in the waste storage tanks. Information
defining each "hot" deep-woll turbine pump is given in Table XVII-l.

5. Description of Production Units

The pumps used for "hot" liquid and slurry service in the TBP Plant
are vertical shaft, multistage, doep-well turbine pumps made by the
Johnston Pump Co., Los Angeles, California. A typical pump is shown in
Figure XVII-4. Each pump is supported and fixed on the top of the vessel
to be serviced by means of a mounting flange which rests on a nozzle
flange of the vessel. A vertical column extends downward from the mount-
ing flange and contains the pump stages as an integral part of the column
assembly. The column length is determined by the height of the vessel,
and the number of stages by the desired head-capacity characteristics of
the pump. Solution enters the pump axially at the lower end of the column
and passes vertically upward, from stage to stage, through the column.
The pumped solution is discharged radially through a side arm at the top
of the column section just above the mounting flange. The drive shaft
extends concentrically through the column and is guided by sleeve bearings
lubricated by the pumped solution. At each stage an impeller is fixed
to the shaft. The drive shaft is rigidly coupled to the shaft of a verti-
cel electric motor mounted above the mounting flange. The weight of the
shaft and thrust developed during operation are absorbed by the motor
bearings. A throttle bushing is provided at the point where the drive
shaft emerges from the column section. The close clearance between shaft
and bushing restricts the flow of solution. leakage past the throttle
bushing is returned to the vessel.

5.1 Pumps

The fully shrouded pump impellers are cast, Type 304 stainless steel,
except the impellers for pumps in the Slurry Accumulators, the Supernate
Holdup Tanks, and the Waste Receiver Tank in the 241-WR Diversion Station,
which are cast iron. The impallers arc locked to the shaft with tapered
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collets of Type 304 stainless steel. (The cast iron pumps have Type 415
stainless steel collets.)

The diffuser bowls which separate the impellers of two adjacent stages
are cast, Type 304 stainless steel or cast iron. The diffusers act as
channels to guide the discharge of one impeller into the auction of the
impeller. One bowl is bolted to the next with eight studs with safety
wired nuts. Each bowl section is registered (tongue and groove arrangement)
to insure proper aligment with the adjacent bowl. All diffuser bowls in
any one pump are similar. Bowls range in outside diameter from 6 to 10
inches. A wear ring of Grphitar No. 41 is shrunk fit into each bowl and
provides a close running clearance with the outside of the suction opening
of the impeller. The wear ring restricts intrastage recirculation of
liquid. Sleeve bearings in each bowl, above and below the impeller, guide
the .shaft and restrict interstage recirculation of liquid. Table XVII-i
lists the number and size of stages in each pump. Figure XVII-5 presents
typical head-capacity curves for pumps of each size (bowl diam. and no.
of stages).

5.2 Column and shaft

Cjm A column is used to support the pump stages, to protect the shaft,
and to carry the discharge stream through the pump to the discharge
nozzle.

A 3-in. to 6-in. i.p.a. flanged pipe, fabricated from Type 347 stain-
less teel or mild steel, fixes the position of two stages at the bottom
of the pump from the remainder of the stages which are fixed near the top
of the column. Other sections of column of the samo pipe size are welded
to the mounting flange and suspend the entire pump assembly below the
flange. The horizontal 2 to 6-in. i.p.s. discharge nozzle is welded to
the column above the flange. The lengths of the two sections of pipe
column depend on the depth of the vessel. (Phase I and II pumps have
all stages located at the bottom end of the column.)

The vertical pump shaft runs concentrically within the column.
Nominal shaft diameters are 3/4 in. to 1-1/2 in., with lengths which
range from 4 ft. 2 in. to 39 ft. 4 in.

Shaft alignment is essential to the operation of any pump and assumes
particular importance in an assembly containing a long shaft guided by
several bearings. Extreme caution must be exercised during remote handling
of the pump to insure that the column and shaft are not bent or mis-
aligned.

5.3 Bearings

Sleeve bearings are used to guide the shaft. The motor bearings
absorb thrust loeads and guide the upper end of the shaft.
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One bearing bushing is mounted in the diffuser bqwl at each stage.

In addition, a large bushing, called a "foot" bearing, is mounted in the
suction bell at the lower end of the shaft. Additional bearings are
located in spiders (bearing retainers which allow solution to flow freely
around them) at intervals along the shaft, so that the greatest length of
unsupported shaft in any pump is 7 ft. 10 in. This ,arrangement provides
a sleeve bearing above and below each pump impeller and adequately guides
the shaft.

Two throttle bushings above the uppermost stage form the shaft seal
and are not intended to guide the shaft. The upper end of the shaft is
guided by the motor bearings through a rigid coupling. The motor bearings
also support the shaft and absorb the unbalanced hydraulic thrust load of
the impellers.

The Slurry Accumulator pumps in the tank farms and the Waste Receiver
-. pumps in the 241-WE Diversion Station have cast iron sleeve bearings.

Fifteen slurry pumps in the 221-U Building have boron carbide and Grephitar
No. 41 bearings. The boron carbide, which has demonstrated a high re-
sistance to abrasion in slurry service, is used at salient points along
the shaft, i.e., the foot bearing, the column bearings, and the lover
throttle bushing. All other deep-well turbine pumps ha e Graphitar No. 41
sleeve bearings throughout.

The cast iron and Graphitar No. 41 bearings are- finished internally
to 15 microinches (i n.s.) or better, and the boron carbide bearings are
finished to 5 microirches (r.m.s.) or better. The boron carbide bearings
are provided with a diametrical shaft clearance of 5 to 7 mild and the
Graphitar No. 41 and cast iron bearings with 9 to 10 mile diametrical
clearance.

The bearings are end-lubricated with process solution. The Graphitar
bearings have four axial lubricant distribution grooves in the bearing
surface. The grooves are semi-circular in cross section, 1/8 in. wide.
The cast iron and boron carbide bearings have no lubrication grooves.

The motor bearings are standard anti-friction ball bearings, mounted
within grease chambers in the motor. Lubrication is accomplished with a
Farval remote lubrication system and a waste grease collection system,
as described in Chapter XVI of the fodox Technical Manual, HW-18700.

Journal bearings require constant lubrication for long life. The
"hot" pumps must never be run without a flooded suction. inlet. Dry opera-
tion will quickly score and wear the bearings and shaft journals and cause
rapid failure.

5.4 Shaft seal

A shaft seal, consisting of two throttle bushings, is provided at
the point where the shaft emerges from the column at the mounting flange.
The seal is designed to prevent leakage of radioactive process chemicals
into the cell and thus prevent the spread of contamination.

rON DECLASSIMDED



1712 lj4o'qu171 DECLASSIRED A
A shaft sleeve is located within the column near the upper end of the

shaft. The upper end of the sleeve is welded into the column below the
rigid coupling, and the lower end of the sleeve is welded into the stain-
less or cast steel discharge case which is located between the upper stage
and the upper column section. The upper end of the sleeve and the lower
end of the discharge case contain press-fitted throttle bushings. The
bore of the Graphitar No. 2 bushings is relieved with concentric grooves,
3/16 in. wide, 3/32 in. deep, and spaced 1/4 in. apart. The boron carbide
and cast iron throttle bushings do not have relief grooves.

The discharge case has two diametrically opposite vent or drain holes
above the lower throttle bushing. Solution which leaks past the throttle
bushing into the shaft sleeve is drained through these holes back to the
vessel. A slinger ring is mounted on the shaft near the top of the vent
holes. The slinger ring acts to deter solution from rising up into the
shaft sleeve. The upper throttle bushing serves as a labyrinth-type vapor

Lfl seal to contain mists and vapors within the vessel,

5.5 Coupling and motor

Coupling: An adjustable, cast iron, rigid, flanged coupling is used
to connect the vertical motor shaft to the pump shaft. The coupling con-
sists of three flanged parts. The upper and lower parts may slide verti-
celly on the two shafts, but are feathered to the shaft with square keys.
The third flanged part lies between the other two and has a lip which
fits into a concentric groove around the lower end of the motor shaft and
a threaded hole which engages threads cut on the upper end of the pump
shaft. The distance between shaft ends may be altered by rotating this
central flanged part in relation to the other two parts. The three flanges
are bolted together with steel bolts and nuts. The coupling is painted
with Amercoat No. 55.

Motor: The vertical, flange-mounted motors used on the "hot" sub-
merged pumps are 1750-rev./min., 440-volt, 3-phase, squirrel cage type
induction motors. Motor cases are totally enclosed, fan cooled. Sizes
range from 2 to 125 horsepower. The external surfaces of the motor are
painted with Amercoet No. 55.

5.6 Mounting

All but fifteen of the pumps in the 221-U Building are supplied with
irregularly shaped adapter flanges. The fifteen pumps not supplied with
separate flanges are each mounted on a flange along with an agitator. The
adapter flanges provide support for the discharge pipe connector nozzle,
the remote lubrication valve and connector nozzle, and the electrical
supply male connector.

The flanges are located on the tank nozzles by dowel pins and fas-
tened down with free nuts. A bail is providqd for lifting the assembly.

DECLASSIFIED So
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D. "COID" SERVICE PUS DECLASSIED
1. Introduction

Thirty-two pumps are used for non-radioactive solution transfer in
the Uranium Recovery Plant. The pumps are located in the 221-U, 271-U,
224-U, 211-U, 276-U, and 203-U Buildings.

2. Basis of Selection

Each pump was selected to meet the following requirements:

(a) Performance characteristics: A pump with the proper head-
suction-capecity characteristics was selected for each
application.

(b) Corrosion resistance: The materials of construction of
each pump were specified to resist corrosion by the solution
to be pumped.

Three general types of "cold" pumps were chosen for specific appli-
cations. Standard, single-stage centrifugal pumps are used for general
transfer duty. Self-priming centrifugal pumps unload tank cars in the
211-U Chemical Tank Farm. Deep-well turbine-type pumps, which are in-
herently leakproof, are used to transfer 40 and 60 nitric acid in the
224-U Building.

3. Standard Horizontal Centrifugal pumpsO'l)Q(S)

3.1 Requirements

Standard chemical transfer pumps range in operating heads from 30to 156 ft. of pumped fluid and in capmcity from 5 to 100 gal./min. Table
XMI-2 lists the specific operating requirements for each pump.

3.2 DescrIption

Figure XVII-6 shows cross-section drawings of each type of standard
centrifugal pump. All pumps are of single-stage design. The pumps were
made by the Worthington Pump and Machinery Corp., Harrison, N.J.

The pumps fall essentially into two classes, shrouded impeller pumps
with screwed suction and discharge nozzles, and semi-shrouded impeller
pumps with flanged suction and discharge nozzles. Both types of pumps
have cantilever impellers keyed to the shafts and fastened in place withnuts. All pump cases are vertically split. The aterials of construction,
type, and nozzle sizes of each pump are listed in Table XVII-2.

Two pumps( 6 ), P-X-1 and P-X-2, which transfer uranium solution from
the feed tanks in the 203-U Area to evaporators in the 224-U Building,
have Worthington Type EA mechanical seals. All other "cold" pumps have
packing glands supplied with lantern rings. The pumps with screwed
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connections have internal bleeds for lubricating the glands with pumped
solution. The flange-connected pumps have glands supplied with tape for
water lubrication. The type of packing used in each pump is listed in
Table XI-2.

The pump shafts are guided and supported by two grease-lubricated
ball bearings mounted in a cast iron cradle between the coupling and the
pump. The bearing on the coupling and of the cradle acts as a thrust
bearing. There are no bearings within the pump casing.

The pumps are driven through pin and leather spider-type flexible
couplings by totally enclosed, fan-cooled motors. Motor speeda and
horsepowers are listed in Table 7II-2.

3.3 Performance and operation

a,:t Table ZII-2 lists the actual heads developed by each pump at process
C: flow rates and at no flow (blocked discharge). A typical head-capacity
cr curve my be constructed through the two points defined by this data, if

it should become necessary to estimte the capacity of a pump at any other
operating head.

The pump manufacturer recommends that the water used to lubricate
packing glands be supplied at pump suction pressure plus 10 lb./sq.in.

The grease recommended for bearing lubrication is No. 2, acid-fre'
ball-bearing grease, and should be replenished after each 1000 hours of
operation.

4. Self-Priming Centrifugal Pumps(7)

4.1 Requirements

Eight self-priming centrifugal pumps were selected to unload tank
cars in the 211-U Chemical Tank Farm. The pumps have a capacity of 50 to
150 gal./min. against 75 to 136 ft. of pumped fluid with suction lifts of
8 to 10 ft. of water.

4.2 Description

A cut-aay drawing of a typical pump is shown in Figure XII-6. The
pumps were made by Nagle Pumps, Inc., Chicago Heights, Ill.

Each pump has an open, cantilever-mounted impeller, screwed on the
end of the shaft. A large suction trap with a removable top, containing
a coarse strainer, acts as a reservoir to retain sufficient liquid to
re-prime the pvmp each time it is stopped. The pump casing is of verti-
cally snlit construction. The vertical discharge line contains an air-
separation chamber. All pamps except 211-U-P-351 and 2f1-U-P-354, which
pump hydrocarbon diluent and 40o HN 3 ,respectively, have shaft sleeves
which extend through the stuffing boxes and packing glands. Table XVII-2
shows the sizes of the flanged suction and discharge nozzles and the
materials of construction of each pump.
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The shaft is sealed by a stuffing box containing five rings of pack-

ing, a lantern ring, and a pmcking gland which is further seeled to the
shaft by two rings of packing compressed by a packing gland follower.
The gland and gland follower are grease lubricated through Alemite fit-
tings. The packing in each pump is described in Table MI-2.

The shaft is guided by two grease-lubricated ball bearings mounted
in a cradle. The inboard bearing acts as a thrust bearing. The grease
is retained by grease seals.

The pumps are driven by totally enclosed, fan-cooled, 18 00-rev./Min.
motors through flexible couplings. Motor horsepowers are listed in Table
x7II-2.

Table XVII-2 lists the heads developed by each pump at process flow
L, rates and at no flow.

The pumps must be primed through the removable top of the suction
trap before they can be operated the first time.

5. Deep-Well Turbine Pump(8)

5.1 Requirements

Two tanks, TK-C-3 and TK-C-4, located in a pit in the floor of the
224-U Building have no bottom outlets and are used to contain 40 to ;C%
HNO. Deep-well turbine pumps which deliver 5 gal./min. against 60 feet
of pumped fluid are used for this service. Specific characteristics ofthe pump are listed in Table XVII-2.

5.2 Description

Due to its leakproof characteristics, a deep-well turbine pump,similar to the "hot" pumps described in Section C, was chosen for thisservice. The pumps were made by the Johnston Pump Co., Los Angeles58. Cal. Figure XVII-4 presents a cross-section view of the pumps. Zach
pump is 7 ft. 7 in. long, has four stages, a 3/4-in. (nominal) shaft, and
Graphitar No. 41 bearings. The pumps are driven by a 2-horsepower weather-proof motor. Materials of pump construction are listed in Table XVII-2.

5.3 Performance and operation

Table XVII-2 lists the actual developed heads at process flow ratesand at no flow. A heed-capacity curve may. be constructed through thesepoints if required.

It is essential for long bearing life that the pump be operated witha flooded suction.
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E. JTS DECLAL rD
1. Introduction

Steam jets are used in the Uranium Recovery Plant for dtaining the
heel from waste storage tanks, drawing vacuum on evaporators, stand-by for
"hot" pumps, transferring solutions, and draining sumps. Water jet eductors
are used to drain the 20-ft.-diameter waste storage tanks in the 241-CR
Tank Farm.

2. Heel Jets

2.1 Requirements

After a sludge pump empties the slurry from a waste storage tank, a
flD heel remains which must be removed by a jet. A heel jet, which is designed

for remote handling and operation, is installed in the center of each tank
for this purpose.

2.2 Description

A heel jet consists of a steam jet eductor(9) suspended inside the
tank,approximately thirty feet below a mounting flange, on a pipe which
acts as the discharge pipe of the jet. The jet has a flexible suction
line approximately six feet long which rests on the bottom of the tank.
A second pipe extends downward from the mountiwT flange and carries steam
to the jet. A sectional view of the heel jet easembly is shown in Figure
XVII-7.

The jet is of open-throat design, made of carbon steel, and equipped
with screwed union nozzle connections. The jet has a top discharge outlet,
a bottom suction inlet, and a bottom steam supply inlet.

The jet is mounted on the lower end of a 28-ft, section of 3-in.
Schedule 40 carbon steel pipe which acts as the discharge pipe. The 3-in.
Schedule 40 carbon steel suction pipe contains a 4-ft. 4-in. section of
4-in. I.D. flexible rubber hose and a suction strainer on its lower end.
The 2-in. Schedule 40 steam supply pipe between the mounting flange and
the jet contains 3-1/2 turns of expansion loop around the discharge pipe.
A 10-in. Schedule 40 pipe welded to the bottom of the mounting flange
surrounds and protects the jet, and connecting piping.

The mounting flange is located on the floor of a concrete pit built
around a nozzle over the center of the tank in the tank farm. The floor
of the pit contains a floor drain and a flush water pipe. The discbrrge
pipe and steam pipe are connected to the piping on the side of the pit
by means of remote jumpers.

2.3 Performence and operation

With a 90-lb./sq.in. ,. steam supply pressure, the jet delivers
6ooo gal./hr. against a discharge head of 55 ft. of 1.23 specific gravity
slurry with a static suction lift of 7 ft. 3 in. of slurry. The steam
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is controlled by manually operated gang valves located on a bracket near
the instrument shelter at each tank.

3. Sludge Jets(10)

3.1 Requirements

Sludge Jets are used to pump slurried sludge and supernate from the
four 20-ft.-diameter underground waste storage tanks in the 241-CE Tank
Farm.

3.2 Description

A typical unit consists of a water jet eductor submerged in the tank
and resting on the bottom of the tank. Although a water-actuated-type
jet is used, the operating fluid for the jet is supernate, pumped from
the Slurry Accumulator by the Sluicing Pump, P-244-CR-0O1. The supernateL17
is supplied to the jet through a rubber hose extending downward from a
mounting flange which is located in the floor of a concrete pit above thetank. A second rubber hose carries the jet discharge up to the mounting
flange. A sectional view of the tank with jet installed may be seen in
Figure XVII-8.

The cast steel eductor assembly is 8 ft. 6 in. long, including super-
nate inlet piping. The unit is sized to pass through a 12-in. i.p.s.
riser. With the assembly in a vertical position, the supernate passes
downward through a 4-in. rubber hose, and enters the eductor through a 3-in. steel pipe. The eductor discharges upward through a 3-in. rubber hose.
The sludge in the tank enters the tapered, 21-5/8 in. long discharge throat
through two openings in the side of the eductor. When installed, the
eductor lies on its side on the bottom of the tank.

3.3 Performance

The eductor is sized to pump 125 gal./min. of 1.26 specific gravity
slurry against a discharge head of .10 ft. of liquid when supplied with
125 gal./min. of supernate under 140 lb./sq.in. pressure.

4. Vacuum Jets

4.1 Requirements

One steam jet is required to evacuate water-saturated air from theNitric Acid Fractionating Tower Condensers E-B-3 and E-D-3 in B and D Cellsin the 224-U Building. This jet discharges to the local stack on top of the
224-U Building.

4.2 Description

The jet is of standard design. It is made of Type 347 stainless
steel and has 4-in. flanged suction and discharge nozzles and a l-in,flanged steam nozzle.
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4.3 Performance and operation

The jet has a capacity of 6000 cu.ft./hr. of vapor with a suction
pressure of 2.9 in. mercury absolute when supplied with steam under 90
lb./sq.in. ga. pressure. The steam to the jet is controlled from a valve
located near the graphic panel board in the 224-U Building Operating
Gallery.

5. Process Jets

All process jets used in the 221-U Building are the original equip-
ment of the building, purchased when the building was intended for use as
a Bismuth Phosphate plant, but used in the TBP Plant without modification.

-X 5.1 Requirements and operation

Forty-four jets have a capacity of 75 gal./min. and thirty-nine have
a capacity of 25 gel./uin. The jets are used as stand-by equipment for
"hot" pumps, solution transfer, and sump drainage. Six jets are used to
drain the pulse columns located in the cells of 221-U Building. All jets
are controlled by manual gang valves which are described in Section C of
the Hanford Works Technical Manual, EW-10475, or by pneumatic Redox-type
gang valves, as describod in the Redox Technical Manual, HW-18700.

5.2 Description and performance

A description of the Schutte and Koerting Jets my be found in Section
C of the Hanford Works Technical Manual, HW-10475.

F. U0 3 POWDER TRANSFER AND HANDLING

1. Introduction

Uranium trioxide is prepared in powder form in the calcination pots
in 224-U Building. A method is required for removing the powder from the
pots and loading it into drums for further handling without creating a
dust hazard, A Vacuum Transfer and a Packaging System has been installed
for this purpose. A Vacuum Cleaner System, for removing any spillage from
the floors of the pot room, is also installed in 224-u Building.

2. Vacuum UO3 Transfer System

2.l Process requirements

Powder must be removed from the furnaces at the rate of 3200 lb./hr.,
ground to a maximum particle size of 80 mesh, and transported to the
packaging system without creating a dust hazard.

2.2 Description of equipment

The system consists of pipe and fittings, a cyclone collector, a beg
filter and exhauster, a hopper, and a rotary valve. All parts at the system
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are located outside the building except the pipes leading from the pots.
Figure VIII-1 shows a schematic diagram of the system. Figire XVII-9
shows a schematic isometric view of the Vacuum Transfer System and the
Furnace Ventilation System. The ventilation system is described in
Chapter XIII.

Eighteen calcination pots are located in 224-U Building in two banks.
Each bank of nine pots is serviced by five unloading stations, two pots
per station. The third and twelfth pots (PE-3 and PE-12) are serviced by
individual unloading stations. A 4-ft. section of 2-in., Type 18-8
stainless steel pipe acts as a pickup nozzle at each of the ten unloading
stations. The nozzle is provided with hand grips for ease of manipula-
tion. The nozzle is connected to a 10-ft. section of 2-in. flexible
lightweight vacuum hose made of Type 18-8 stainless steel. A normal
charge of 500 lb. of U0 3 can be unloaded from a pot in 10 to 20 minutes.

A quick-opening slide gate valve at each station shuts off the vacuum to
in_ the nozzle when not in use. Before the vacuum is shut off, the nozzle is

inserted in a receptacle which catches any dust which falls from the
nozzle. Clean-outs at the lower end of vertical pipe risers in the system
consist of quick-dpening gate valves similar to the valves at the unload-
ing stations. Two headers, one for each bank of pots, transfer the powder
from the unloading stations to the cyclone separator. The transfer headers
are made of 2-1/2 in. Schedule 10, Type 18-8 stainless steel pipe. The
greatest length of header is approximately 130 ft.

The cyclone cofloctor, which removes the UO powder from the air
com.ng from the pats, has a maximum capacity of 0 O cu.ft./min. of loaded
air at 1800F.

The separated powder in the bottom of the cyclone is fed into a
hopper and thence through a rotary valve to a Mikro-Pulverizor hammer
mill. The exhaust air passes to a bag filter. All metal parts of the
collector in contact with powder are fabricated from Type 18-8 stainless
steel.

The Hersey-type beg filter is designed to remove 99.8j of the powder
from the exhaust air leaving the cyclone collector. The bog is made of
wool and will remove uranium oxide particles of one micron diameter or
larger from the air. The filtered dust is automatically blown from the
bag by a motor-driven blow-ring-typo mechanism. The blow ring moves up
and down the vertical, cylindrical bag, actuated by a motor-drivon belt
running on pulleys. The motor is automatically started when the pressure
drop across the bag has been increased to approximately 3-1/2 in. of water
by blinding of the beg, and automatically stopped when the pressure drop
returns to normal, i.e., approximately 1-1/2 in. of water. The filtered
U03 is fed from the bottom of the bag to a storage bin through a rotary
air lock valve similar to the unit on the hopper. All metal ;arts of theblow ring mechanism and bag housing are made of Type 18.. stainless steel.

A 3500-rev./min. centrifugal exhauster(12), ade by the U.S. Hoffman
Machinery Corp.. Model 4207-S, evacuates the air from the system. The
exhauster is driven by a 30-horsepower electric motor which is controlled
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from the pot room. The nominal capacity of the exhauster is 750 cu.ft, of
air per min. at a pressure differential of 10 in. of mercury. This is suf-
ficient capacity to supply two nozzles with a minimum air pickup velocity
of 9000 ft./min. The discharge of the exhauster is fed into the furnace
ventilation bag filters. This is the only tie-in of the Vacuum Transfer
with the Furnace Ventilation System. The characteristics of the exhauster
are shown in Figure MvI-10.

The powdered U03 drops from the cyclone collector into a 5-cu.ft.
hopper which feeds the powder to a rotary valve. A high-level controller
stops the exhauster when the powder reaches a certain level in the hopper.
The valve is utilized to supply the powder to a Mikro-ulverizer hammer
mill at a rate of three tons per hour and at the same time act as an air
lock to contain the vacuum within the transfer system. The valve is
driven at 1.18 rev./min. by a 1/2-h.p. gear-head electric motor through
a chain end sprocket drive. The valve and hopper are made of Type 18-8

__ stainless steel.

3. Hamer Mill(13)

3.1 Process requirements

A hamer mill receives the dry, hard U03 with a bulk density of 250
lb./cu.ft. from the rotary valve, grinds it o pass 80-mesh screen, and
drops it into a storage bin.

3.2 Description

The mill is a standard No. 2W Mikro-Pulverizer with top inlet and

bottom outlet. A horizontal shaft, guided by two self-aligning, double-
row ball bearings, drives a hub within the grinding chamber. Twelve
rows of light forged stirrup-type hammers are pivoted axially to the hub
and spaced equally around the hub periphery. The hammers are surrounded
by a cover on the top containing a 5-in, flanged inlet and a semi-

cylindrical perforated plate on the bottom. The plate is of 15-gauge
stainless steel, perforated with 1/8-in. round holes. The ground material
falls through the perforated plate and through a discharge chute with a

12-in.-squnre bottom opening which is flanged to the top of a storage bin.

The mill is driven at 5100 rev./min. through six V-belts. The 3450-

rev./min., 15-h.p. motor is controlled from a panel in the pot room.

All metal ports of the Mikro-Pulverizer in contact with U0 3 are made
of Type 18-8 stainless steel.

3.3 Notes on operation

A second screen, made of 20-gauge stainless steel with 1/1i-in.
round holes, is supplied with the mill in case the screen installed in

the mill does not grind the material to the proper specifications.
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The bearings are lubricated with SAE No. 20 cylinder oil. The bear-

ings should be flushed with kerosene after 30 days operation.

The Miro-Pulverizer manufacturer recommends that the unit be grounded
to prevent packing of the ground materiel due to undissipated static char-
ges.

4. Packaging System

4.1 Process requirements

The packaging system is designed to receive the ground UO from the
Mibro-Pulverizer, measure it into drums at the nominal instantaneous rate
of 15.8 tons per day (corresponding to 13.125 tons U/day), and move the
drums out of 224-U Buildtng to trucks for storage or shipment.

C= 4.2 Description of equipment

The ground U0 3 drops from the bottom of the storage bin into a screw
conveyor. The conveyor carries it to a drum filling assembly, where
drums are weighed, filled, reweighed, and carried by a gravity roller
conveyor to a fork lift truck, which takes the drums to the 2714-W Ware-
house.

The Type 18-8 stainless steel storage bin has a 500-cu.ft. capacity
and will contain a three-?ay supply of 250lb./cu.ft. material. The
powder is fed from the Miro-Pulverizer into the. top of the bin at the
nominal instantaneous rate of 15.8 tons/day. The bottom of the storage
bin is wedge-shaped with sides sloped $0" from the horizontal. The ma-
terial is fed into the screw conveyor from the bottom of the bin. The
bin has a high-level controller which stops the vacuaum transfer exhauster
and a low-level controller which stops the screw conveyor motor.

The 6-in.-diameter screw conveyor, 15.5 ft. long, carries material
from the storage bin to the drum filling mechanism located inside the
building. The 18-8 stainless steel screw is driven at 20 rev./min. by a
3-h.p. Synchrogeer motor through a chain and sprocket drive. The motor
has a starter located at the drum filling site.

The packaging mechanism is used to fill and weigh drums and to convey
them to the truck loading area. The screw conveyor discharges into a
drum filling spout. When a drum is placed on the roller conveyor under
the spout, it is supported by a rough-weight-type scale which stops the
screw conveyor when the drum has received 900 to 950 lb. of U03 . The
drum is moved in an upright position down the gravity roll conveyor over
another scale which automatically records the weight of each drum. Gross,
net, and tare weights are stenciled on each drum. Drums can be filled at
a rate of about 10 thirty-gallon drums per hour.

A carbon steel ventilation hood provides a 400-ft./min. air sweep
up around the drums during the filling operation. A carbon steel duct
carries the air to the pot ventilation bag filters.
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All parts of the packaging system in contact with the U03 powder are
made of Type 18-8 stainless steel.

The 224-U Building has storage space for about 100 empty stainless
stael drums or the equivalent of a three-day supply.

Tha drums are maintained in an upright position during all stages of
handling and are moved by a fork lift truck from 224-U Building to the
2714-W Warehctse on special wooden pellets. Four drums are strapped to-
gether oa each pallet and remain stored in this manner throughout rail-
road shipment.

The 2714-W Warehouse has a holdup capacity of about 450 full drums
or the equivalent of 15 days normal operating capacity. Space is also pro-
vided in the warehouse for 3000 empty drums.

5. Vacuum Cleaning System

_ 5.1 Process requirements

The function of the vacuu cleaning system is to pick up spilled
cr uranium oxide, dust, and dirt from the floors of 224-0 Building and to

collect the sweepings for salvage or disposal.

5.2 Description of equipment

The equipment consists of hose stations, a dust separator, exhauster,
and various pipes and fittings. Figure VIII-1 shows a simplified sche-
matic view of the system.

There are four hose stations distributed in 224-U Building as fol-
lows: two in the pot rooms one in the packing room; and one outside
the building near the bag filter. Each station has 50 ft. of 1-1/2 in.-
diameter flexible neoprene hose and 4 ft. of approximately 1-1/4 in.
thin-all tubing to act as a pickup nozzle. Three fan-type floor sweep-
ing nozzles are provided at each station, as well as a rack for the hose
when it is not in use.

The dust separator consists of a wool sock-type beg filter mounted
integrally on top of a cyclone separator. The dust, which is manually
shaken from the beg, drops into the cone of the cyclone separator which
empties freely into a removable bucket. Access openings are provided in
the beg house for the replacement of begs.

The centrifugal exhnuster is sized to provide 7000 ft./min. pickup
velocity for one 2-in. nozzle with air at 70*F. The exhauster is driven
by a 3500-rev./min., 5-h.p. electric motor. A start-stop switch is pro-
vided at each hose station. The exhausted air is fed to the local stack
on 224-U Building through the furnace ventilation system beg filters.

All pipeand fittings in the vacuum cleaning system are butt-welded
or flanged carbon steel. Clean-outs are provided at the bottom of all
vertical pipe risers.
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REEFEMNCES

(1) BPF-2778

(2) BPF--3362

(3) BPF-33 5 9

(4) BPF-3006

(5) BPF-3007

(5) BPF-2873

(7) BF-3051

(8) BPF-3159

(9) BPF-2695

(10) BPF-3060

(11) BPF-3378

(12) BPF-2679

(13) BPF-2686

U?

C

r

cn

Sludge Pumps, Hanford Works.

"Hot" Liquid and Slurry Pumps, Hanford Works.

"Hot" Liquid and Slurry Pumps, Hanford Works.

"Cold" Pumps, Hanford Works.

"Cold" Pumps, Hanford Works.

"Cold" Pumps, Hanford Works.

Self Priming "Cold" Pumps, Hanford Works.

Deep-Well Turbine Type "Cold" Pumps, Hanford Works.

Heel Jet Eductors, Hanford Works.

Sludge Jets, Hanford Works.

Vacuum Jet, Hanford Works.

Vacuum Transfer Exhauster, Hanford Works.

Hammer Mill, Hanford Works.
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Figuref
SLUDGE PUMP CHARACTERISTICS
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Figure =i1-5

HW - 19140

"HOT" PUMP CHARACTERISTICS

LEGEND
Curve No of Diam.,

No Stages In

I 6 6AXC
2 4 6AXC
3 6 SAC
'4
5
6
.7
8
9

10
11
12
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14
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I5

10

- 4''
% 3 14

-5

- 13
8

NOTE : The letters following stage diameters are Johnston
shape of impellers E diffuser bowls.
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A f EN FIGURE 2-7DECLsWrE HEEL JET ASSEMBLY
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Figure =I-10

VACUUM TRANSFER EXHAUSTER
OPERATING CHARACTERISTICS

TEMPERATU
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PART III: PIANT AIM -EQUIMIT, continued

CHAPTER XIII. REMOTE OPERATION AND MAI'TENANCE
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CHAPi XVIII., REM=E OPERATION AND MAINITENANCE

A. PRINCIPIES OF HEUEOTE OPflATION AND MAINTENANCE

- The uraniun removal and TBP process equipment has been designed to

give trouble-free service and to require a minimum of maintenance and

attention. However, it is recognized that it will be desirable or neces-

sary to remove and replace certain equipment pieces or to revise piping.
In order to accomplish equipment removal, replacement, or revision without

exposing personnel to radiation hazards, remote handling equipment has been

provided. A railway crane, with a shielded control cab equipped with peri-

scopes, allows personnel to carry out a variety of operations in the cells

without danger of excessive exposure to radiation. A gentry crane with

mirror type viewing devices is provided for use in uranium removal from

underground storage. The cranes are equipped with travelling hoists, re-

mote wrenches, and other specialized handling equipment.

Process piping, electrical conduit, and auxiliary lines are termi-

nated in each cell or diversion box with male portions of remote connectors.

m Connection Is made to cell equipment or othdr piping by mans of removable

jumpers, which are equipped at each end with the female portions of remote

__j connectors. Process equpment is provided with male connector halves which

mate with the female connector half on one end of the jumper. Each remote

connector may be tightened or loosened by rotating a single hexagonal nut

with an impact wrench operated from the crane. Each jumper has a lifting

bail or eye positioned at the balance point. Thus intracell and diversion

box piping may be removed remotely by brealcing two connections with an

impact wrench and lifting the piping from position with a crane hook.

Elements of process equipment are fastened together with studs and

nuts that can be operated by an impact wrench. Thus, elements of process

equipment my be removed independently from each other, e.g., pumps and

agitators may'be removed from process vessels. In order to change the

routing of various process streams without using valves and interconnected

piping, diversion boxes (special cells or trenches) are employed. Process

streams which must be routed to various locations are transferred through

pipe to a diversion box. The ends of the pipe terminate with male con-

nector halves at the diversion box walls. Prefabricated, removable jump-
ers are used to make the desired pipe connections for routing the process

streams to different locations.

Fixed relationships between piping and process equipment are main-

tained by the use of positioning guides and pins. In addition, piping

&nd process equipment are fabricated to specific dimensions and checked

for alignment in a Mock-up Shop (Building 277-U) before attempting in-

stallation in the "hot" area. The Mock-up Shop duplicates the process

equipment positions in the cells.

A liquid-tight cylindrical casing, or "equipment removal thimble",
is used in the uranium removal facilities areas to encase slurry pumps
and sluicing nozzle units when the equipment is moved from tank to tank,
to prevent the spreading of contamination.

DECLASSIFIED
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Contrasting colors are used to aid the crane operator in handling equip-ment remotely. The color system is the same as that used in the Redox andbismuth phosphate processs. In general, all lifting bails, connectornuts, dowel pins, etc., are painted yellow. The cell walls and floors arepainted white. Equipment pieces, jumpers, connectors, cell covers, etc.,are .numbered in black.

B. CMAWlS

1. Canyon Cranes

1.1 75-ton crana(l)(2)

1.11 Function

The 75-ton capacity canyon crane is used to lift cover blocks, installand remove equipment, and perform other remote maintenance operations inthe 221-U Building canyon area.

1.12 Description

cyn The 75-ton crane is similar (identical except for minor revisions)to the cranes used in the bismuth phosphate process and is described andillustrated in the H.E.W. Technical Manual (EW-10475.C), pages 242-245.(l)
The crane has a 75-ton capacity main hoist for lifting cell covers andheavy equipment, a 10-ton capacity secondary hoist, and two auxiliaryhoists of 1/2 and 1-1/2 ton capacities on each of two trolleys for usewith impact wrenches, grabbers, or other tools.

1.2 10-ton auxiliary crane(l)

1.21 Function

The 10-ton capacity auxiliary canyon cranein the 221-U Building, isused for maintenance work where radiation hazards are not present.

1.22 Description

The 10-ton auxiliary crane is similar to those used in the 221-B and221-T Buildings and has no provisions for shielding or ventilation. Thecrane utilizes the same railway and power supply as does the 73-ton crane.

2. Gntry Crane(6)

2.1 Function

The gantry crane is used in the uranium removal facilities for in-stalling and removing pumps, sluicing nozzles, and other equipment and formaking Jumper changes in the diversion boxes.

W=07DECLASIFIED
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2.2 Description

The gantry crane is a self-propelled railway crane equipped with two
electric hoists (10-ton and 1-ton capacities) and is designed to span di-
version boxes and pump, heel, and sluice pits. The crane may be towed
from one location to another by lowering rubber-tired wheels, which lift
the crane from its rails. Crone rails are provided at each diversion box
or pit. Figure 1VIII-1 is a sketch of the gentry crane.

2.21 Superstructure

The superstructure of the gantry crane is a steel frame supported on
side members which are equipped with railway wheels that support and posi-
tion the hoist monorail directly over the working area. The monorail is
an 18-in. I-beam 25 ft. 7 in. long, positioned transversely 12 ft. 9 in.
above the crane rails. One end of the monorail overhangs the railway 8

Cr ft., and the other end overhangs 4 ft. 7 in. The side members allow a
transverse clearance of 12 ft. 8 in. The center-to-center distance between

C=3 the 70-1b. rails is 14 ft. The gantry crane is also equipped with pneu-
r matic rubber-tired auxiliary wheels which are raised and lowered by 10-ton

capacity Porta-Power (No. R-159) hydraulic rams. One pair of wheels is
fitted with a towing bar and steering links which permit a minimum turning
radius of 19 ft.

2.22 Hooks and hoists

The crane is equipped with two Yale and Towne Company hoists of 10-
ton and 1-ton capacities. Pertinent data concerning the hoists are t&bu-
lated below.

Hoist Data

10-Ton Hoist 1-Ton Hoist

Model XE--DC3ClZ PC-lC384l5

Maximum Clearance, 7 ft. 9 ft. 10 in.
Rook Fae to Top of Rails

Total Lift 30 ft. 38 ft.

Hoist Speeds 12 and 4 ft./min. 15 and 7.5 ft./min.

Trolley Speeds 15 and 5 ft./min. 15 and 3 ft./min.

2.23 Power system

The required 480-volt, 3-phcse electrical supply is brought to the
crane through a No. 4 four-conductor cable which is carried on an Appleton
cable real (No. GW-46) mounted at one corner of the superstructure. The
crane is self-propelled on the rails at speeds of 40- and 3 ft./min. through
a gear and shaft system by means of two separate motors mounted on the
superstructure.

DECLASSIFED
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A portable push-button control panel is provided for operating thecrane. The control leads are of sufficient length to allow the operatorto be at least 30 ft. from either side of the crane.

2.24 Lighting

The crane work area is lighted by six 7T0-watt, 110-volt floodlights
(Westinghouse type AZ-16, style No. 891 572), which are mounted on thecrane superstructure in two banks of three lights each.

2.25 Optical system

A system of mirrors may be employed to assist the crane operator incarrying out remote operation.

2.3 Operation

The crane and hoists may be operated from any point within 30 ft.of the crane through the use of the portable control panel.

Jumper changes and the removal and installation of equipment areobserved with the mirror-type viewing system.

The 10-ton capacity hoist is used for handling cover blocks andequipment, while the 1-ton capacity hoist is used with an impact wrenchfor loosening and tightening remote connectors and equipment hold-downnuts.

C - RMOTE COIRhEMTS

1. Function

A remote connectcr is a device for remotely connecting processpiping, electrical conduits, or auxiliary lines by means o-f an impactwrench operated from a crane.

2. Description

Each connector depends on three hooks or latches, whi ch are mountedon the female portion of the connector and are actuated by the rotationof a hexagonal operating nut, to grasp or release the fixed, or male,portion of the connector. Two typos of connectors are used. Tho con-nectors in the canyon aroa arc Bismuth Phosphate Plant type connectors
which have flat mating surfaces and flat gaskets. They are describedand illustrated in the E.E.W. Technical Manual, Section C, pages 241to 244 (HW-lO475-c). The connectors in the waste storage areas are ofthe Redox Plant type and have spherically ground mating faces. They aredescribed and illustrated in the Pedox Technical Manual, Chapter XV111(HW-18700). The Redox.type connectors, when used with non-corrosive solu-tions, are fabricated from carbon steel and are provided with stainlesssteel mating faces to resist atmospheric corrosion. When used withcorrosive fluids, the mating surfaces and other parts in contact with
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the fluid are- of -stainless steel. Three-inch operating nuts are used on
the Redox-type connectors so that the same impact wrench my be used on

both connector types.

D. SPECIAL TOOLS

1. Impact Wrench2)

1.1 Function

Impact wrenches are used to make and 'reak the remote connectors and

to rotate the remote hold-down nuts on tanais,. columns and other equtilunt,

1.2 Description

An electrically driven, reversible im ect wrench is described and
illustrated in the Redox Technical Manual, Chapter XVIII (3W-18700). The
wrenches are suspended from auxiliary holsts which are integral with the
canyon and gantry cranes.

2. Grabber(2)

2.1 Function

A grabber is a clam-shell bucket devt::e suspented from a crane hoist
and is used for the remote handling of sm .1 pieces 3f equipment that ca-
not be easily picked up with a crane hoot.

2.2 Description

A grabber is described in the Redox 2!3chnical Manual, Chapter XVT1

(EW-18700).

E. DIVERSION BGns(l)(2)(3)(4)(5)

1. Function

Diversion boxes are provided to reduce duplication of piping and to

allow desired changes in piping atrangemants without the use of valves.
For example, the same aqueous waste line may be used to fill several,
cascades of waste tanks by changing Jumpers to the next cascade feeder line

as each cascade is filled. The use of diversion boxes is discussed in the

KA.W. Technical Manual, pages 293, 905-911 (BW-10475-C) and the Redox
Technical Manual, Chapter XI (W-18700).

2. Description

The diversion boxes are concrete-lined pits with concrete cover
blocks. The ends of underground transfer lines, fitted with male connector
halves, are imbedded in the walls and floors of the boxes. Jumper lines
ending with female connector halves are uEed. to connect the piping in the
desired arrangement.
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The diversion boxes built for use with the Bismuth Phosphate Plant

have all male connector halves on one wall and use the Bismuth Phosphate
Plant type connectors.

The diversion boxes built for the Waste Metal Recovery Plant are
similar in design, but have both wall and floor connectors of the Eedox
Plant type. Where frequent jumper changes would be necessary during
routine operation, jumpers equipped with valves are used. The valve
hapdlee extend through the diversion box cover blocks with labyrinth-type
radiation shielding around the valve handle extension. Nordstrom lubri-cate4 plug valves are used in jumpers carrying alkaline solutions
and bellows-sealed Y-valves are used in acid lines. Storage space for
spare and contaminated jumpers is provided. Each diversion box is equippedwith spray flushing nozzles and drains.

F. nQUIPMN REMOVAL TEMIE

1. Function

The equipment removal thimble is used in the uranium removal facili-
ties area to encase "hot" slurry pumps or sluicing nozzle assemblies. The
equipment may then be moved to another tank or to the disposal area with-
out spreading contamination.

2. Description

The equipment removal thimble consists of a cylindrical shell about
7 ft. in diameter and about 40 ft. high. The upper end is closed and
provided with a lifting bail. A 5-ton capacity air-operated winch equip-
ped with a safety hook is located inside the shell at the upper end.

The bottom of the thimble is fitted with a neoprene gasketed closurepan, which is held in place by air operated latches . The latches also
have manually-operated eccentric closing levers. The diameter of the
pan is enlarged below the gasketed joint to allow a liquid holdup capacityof several gallons. Thus, any drainage of process solution from encased
equipment is prevented from submerging the joint between the pan and thethimble when the assembly is transported in a horizontal position. A
quick-opening valve and a short length of flexible tubing are used todrain the pan.

Both ends of the thimble are equipped with trunnions that match
trunnion supports on a special truck used to transport the thimble. Thethimble is transported in a horizontal position.

3. Operation

To remove a pump or sluicing nozzle from a tank, the thimble islowered with a jib crane over the open pit. The hook of the air operated
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winch is lowered and engaged with the lifting bail of the equipment to be
removed. The equipment piece is then raised by the winch into the thimble.
The safety hook closes when load is applied. This prevents the hook from
disengaging the lifting bail while the thimble is in transit. The thimble,
containing the equipment, is next lowered over the closure pen, the air
operated latches are engaged, and the menually-operated eccentrics are
tightened. The entire unit is moved over the trunnion supports of the
truck, the bottom trunnions are engaged, and the thimble is lowered to a
horizontal position. The operation is reversed to install the equipment
at its new location.

G. P3!01T INTALIATION Aim RD4OVAL OF EqUIpMr(l) (2)

General methods of remote installation and removal of equipmen re
discussed in the Redox Technical Manual, Chapter XVIII (BW-18700) 2.

An S.W.P. area and a decontamination room have been provided at the
northeast end of the operating gallery in Building 221-U. The S.W.P. area
is 14 ft. wide and 50 ft. long and may be entered from the operating
gallery through a 3-ft. by 7-ft. doorway. The canyon may be entered at the
deck level between cells 3 and 4 from the S.W.P. area through an air lock
and a 1-ft. 11-1/2-in, by 6-ft. 9-in. doorway. The decontamination room is
12 ft. by 14 ft. and is entered from the S.W.P. area through a doorway 6 ft.
wide and 7 ft. high. The decontamination room is equipped with a hooded
sink. No remote shop is provided in the 221-U Building.

New equipment is tested for alignment in a Mock-up Shop (Building
277-U). After each equipment piece is fabricated, it is assembled in a
dumay cell and inspected for proper fit and operation before installation
in a "hot" process cell.

(1) EW-10475-C H.E.W. Technical Manual, Section C. Author not stated.
5-1-44. Pp. 240-245.

(2) EW-18700 Redox Technical Manual. Chapter XVIII. Author not stated.

(3) EDC-1799 General Description of Underground Fluid Transfer System
for the Wasto Metal Recovery Project. J. M. Frame and
W. P. Iamb. 6-13-50.

(4) X-1071 Waste Mctrl Bomoval and Recovery Facilities, Design
(INDC-4297) Proposal, Phase I, Waste Metal Removal, Job 15E.

0. White, Jr. 5-27-50.

(5) KIZ-1077 Waste Metal Removal and Recovery Facilities, Design
Proposal, Phase II, Waste Metal Removel, Job 15E.
G. A. Vincent. 9-15-50.

(6) BPF 2973 Mobile Gentry Crane.

47) ;4P 651o6 Canyon Cranes. DECLASSIFIED
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Gl mr I N STRUZ4ITATION

A. InEoDTRION
IntheUrnm Reindustrial instruments are used for
In the Uranium Recovery Plant, hics aibe omiti

measuring, recording, and controlling the process variables to maintain

steady operating, to monitor mechaniC t performance, and to aid in deter-

mining energy and material balances. Continuous proces irS which is

employed in extraction columns and in concentratol, requires that auto-

matic instrumentation assume most of the control functions for flow rate,

specific gravity, weight factor, and. temperature of numerous streams and

vessels. The control functions, performed automattically by ins ients-

tion or manually by operating personnel, must also be detected by indi-

cating or recording instruments, which, in ny instances, supply the

t___ only information available to the operator of the status of the equip-

ment and the process. In addition to the instruments required by the

process, instruments are used for numerous non-process applications,

-I- as in the determination of radioactivity and in detecting abnorim

Err mechanical conditions.

This chapter is intended to be supplemented by the Redom Technical

Manual, the .E.W. Technical Manual, and by standard reference works on

instrumentation, such as "Chemical-Engineers' andbook", by J. J. Perry,

and "Industrial Instruments for Measurement and Control", by T. J. Rhodes.

B. INSTRUMENT FOW DfIRAMS (iurs XX-l to 111-9)

The instrument flow diagrams show schematically, for each instru-

ment, (a) the location with respect to process functions and equipment,

(b) the variable measured, and (c) the type of instrument, i.e., indi-

cating, recording, transmitting, or controlling. They also show

schematically the instrument piping or wiring system and the component.

functional parts of each instrument. The diagrams are essentially

simplified engineering flow diagram emphasizing the instrumentation

The diagrams are presented on several sheets, each being designed

to represent equipment in a single cell or section. The location of

the equipment on the sheets is intended to follow a generalized pattern:

(a) the instruments on the graphic panel boards are shown in the upper

portions of the sheet, (b) the instruments on local panel boards and

non-radioactive process lines are shown in the middle of the sheet, and

(c) the equipment and instruments which ore in contact with "at"

solutions or which are located in radioactive areas of the plant are

shown on the lower portion of the sheet, which is schematiclly separated

from the "cold" process areas by a smulated wall section.

The following information appears in the legend near the instrument

qnbolsi (a) the equipment piece designation, which indicates both the

type of instrument and its location; (b) the range through which the

measured variable may vary without exceeding the useful range of the

instrument; and (c) the number of the pertinent instrument data sheet,
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which is a further source of information about the instrument.

Since many of the vessels in the plant are instrumented accordingto the same scheme, only typical instrument flow diagrams are shown.The reader may refer to the engineering flow diagrams, presented inChapter XI, and determine what instrumentation is provided on partic-ular vessels. This information may then be used to compare instrumentsystems which are shown in the instrument flow diagram with those forwhich the diagrams have been omitted to avoid duplication. Theinstrument flow diagrams, showing typical instrument installationsand details, are shown in Figures XIZ-l through XI-9. Instrumentsymbol legends for the instrument flow diagrams are presented onFigure XI1-9 and in Table XI-l.

C. INSTRUMENT PANEL BOASflS

The recording and indicating elements for instruments associatedwith process functions are mounted on steel panel boards located eithernear the cell or on centrally located graphic panel boards in theOperating Gallery. The local boards consist of standard panel sectionscontaining weight factor and specific gravity instruments, either mano-meters or ring-balance-type recorders, radiation dectection equipment,purge-gas bubblers, cell pressure draft gauges, centrifuge and agitatormotor controls, and jet controls. In addition to the local panelboards, four graphic panels, shown in Figures ZIX-10 through XI-12,provide a centrally located control station for ;he continuous operationsof the process, viz., concentration, solvent-extraction, and distillation.These panels contain (a) temperature, weight factor, specific gravity,flow, pH, interface and static pressure recorders, which are circular-chart, single- or multiple-point recorders, located at the bottom of thepanel board, and (b) indicators and indicotor-controllers for weightfactor, pH, temperature, flow, pressure, and interface, which are placedeither in silhouettes which represent the vessels or near the line re-presenting the streams which are measured.

n. INSThUmNT IESCRIP'IONS

Because the instrumentation in the Uranium Recovery Plant issimilar to that used in the Redox Plant, the reader is referred to theRedox Technical Manual) HW-18700, Chapter I, for information concern-ing the theory, application, and description of instruments which orecommon to the two plants. The information presented in this Chaptersupplements the information presented in Chapter XIX of the RedorTechnical Manual by emphasizing and describing only those instruments inthe Uranium Recovery Plant which differ from those used in the RedoxPlant.

1. Radiation Instruments

Ion chamber radiation detection instruments cre installed in theprocess and operating areas of the Uranium Recovery Plant to measure and

DECLASSIFIED
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record the intensity of gam radiation as aids to process control and

health protection. The instruments are described in the Redox Technical

Manual., EW-18700, Chapter UI.

2. Visual and Auditory Aids

2.2 Visual aids

Periscopes and mirrors are used to view around opaque shielding into

radioactive areas. The 221-U Building (TBP Plant) crane has two periscopes,

which are described in the H.3.W. Technical Manual, R-10475, page 1011.

These periscopes may be adjusted to two magnifications and may be rotated

and traversed to view the entire canyon.

Other optical devices are used in the 241 Tank Farms. A periscope is

lowered into a steel and glass sheath in the underground storage tanks to

inspect the sludge-removal operation. The gantry crane operator makes use

of a, mirror to view radioactive areas from behind shielding.

2.2 Auditory aide

Microphones are installed on the two centrifuges and on all tanks

equipped with agitators and pumps. Sound originating in the cells

actuates a microphone, and the signal is transmitted to a speaker on

the 'panel boards. From the quality of the sound, operating personnel

may detect irregular mechanical operation as well as monitor normal

operation.

3. flow Measurement and Control Devices

The Redox Technical Manual, 5W-18700, contains a detailed description

of the basic principles of flow measurement and control as obtained by

mean4 of rotameters, orifice meters, and metering pumps. The Uranium

Recovery Plant employs the some types of flow measuring and controlling

instruments with few mojor exceptions.

The flow rate measurement of controlled process streams is performed

by means of rotimeters and orifice meters. Electrical transmitting rota-

meters measure the flow rate of all the extraction column feed streams.

The ranges of the rotameters and the specific gravity of the measured

streams are listed in Table XI-2. All other flow measuring devices for

radioactive controlled streams, as well as for stream and vater, are

orifice meters. Data pertinent to orifice meters which are used to

measure the flow rate of radioactive process streams may also be found

in Table XI-2.

the specific instruments which are used in the Uranium Recovery

Plant and which have not been described in the Redox Technical Manual,

EW-18700, Chapter XI, are: (a) a pneumatic transmitting rotameter,

which measures the flow rate of BC make-up water; (b) small indicator-

controllers, which are located in the graphic pattern of the graphic

panel boards; (c) pneumatic relays, which convert the signal from a

electrical transmitting rotameter into a pneumatic signal required to

DECLASSIFED
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activate the graphic panel bard indicating instrument;ratio controller, which proportions the flow of caustic soda solutionto that of waste solution into the Waste Neutralizer; and (e) a turbine-type flow meter, which measures the volume of waste solution transferredto underground storage tanks. These instruments are described below.

3.1 Pneumatic rotameter

A pneumatic transmitting rotameter is used to measure the flowrate of PCI make-up water and to control the stroke length of ametering pump which feeds nitric acid into a blend tank in which ais prepared. The water flow rate, which is controlled to maintain aconstant liquid level in the blend tank, determines the position ofthe rotaeter float. The attraction between magnets, located in anextension on the float and on a lever outside the tube in which thefloat extension moves, causes the lever and an air relay to bepositioned according to the float position and the flow rate. Apneumatic signal from the relay actuates a flow recorder and alsocontrols the stroke length of the nitric acid metering pump. Thestroke of the pump may be controlled either manually or automtically,according to the position of a valve in the afr line between the rota-meter air relay or pressure control station, and the stroke control.This arrangement allows from 5.8 to 58 gal./min. of water to be acid-ified continuously with from 0.0 to 0.05 gal./min. of nitric acid.

3.2 Manual-automatic control station

Small, easily read indicator controllers are used on the graphicpanel board for nearly all automatic control operations. The instru-ments, which are Foxboro Consotrol controllers, are 3-3/8 inches wideby 7-3/8 inches tall and are mounted on the graphic panel board nearthe symbol of the equipment which is operated. The instrument comprisestwo parts: a lower unit, which is equipped with a selector valve, apressure regulating valve and a pressure gauge, allows the selection ofeither manual or automatic control; and the upper unit, which is equippedwith an indicating pointer and a control set pointer on a vertical linearor square-root scale, provides, through bellows and relays, the controlair signals necessary for automatic control.

With the selector valve set for manual control, the controlledelent is pneumaticaU loaded by manual adjustment of the pressure-regulating valve. Under automatic control , however, the control setpoint is positioned either automatilly by a signal from another con-troller or manually. The control station adjusts the air pressure tothe controlled element (either a &iphrogm-motor valve or another con-troller) acoording to the difference in scale reading of the indicatorpointer and the set pointer, until the indicated flow coincides with thedesired flow.

3.3 Electric-to-pnejati converter

The electrical signal from induction-type rotameters is convertedinto an air signal by an air relay connected through mechanical linkages

DECLASSRED a"
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to the recorder pen. This air signal actuates either an indicator or an

indicator-controller. The signal pressure varies linearly from 3 to 15

lb/sq.in.ga. as the chart reading changes from 0 to 100 per cent.

3.4 Flow ratio controller

The aqueous waste solutions from the solvent-extraction columns are

neutralized with caustic soda solution semi-continuously in a neutralizer

tank. The flow rates of both the waste and the caustic soda solution are

measured by orifice meters and are controlled automatically by Foxboro

Consotrol instruments. An intermediate instrument, the flow-ratio con-

troller, may also be used to adjust the set pointer -of the caustic soda

solution controller according to the flow of waste solution. The flawe

ratio controller, which is actuated by the same pneumatic signal that

actuates the waste stream flow controller, transmits to the caustic

solution flow controller a pneumatic signal that varies from the actuat-

P:2 ing signal by a ratio with which the ratio controller is manually adjust-

ed. In this manner, the two flow rates into the Neutralizer may be main-

_ tained in the proper ratio.

3.5 Turbine-type flow meter

The flow rate of concentrated neutralized aqueous process waste

solution is measured as the material is pumped to underground storage

tanks. The measuring instrument, which is manufactured by the Potter

Aeronautical Company, utilizes a stainless steel rotor having a magnetic

core inside the pipeline to generate an alternating electric current in

a pick-up coil mounted in the pipe wall. The rotor, which is especially

shaped to reduce thrust on the graphite-teflon bearings, rotates at a

speed. proportional to the velocity of the fluid in the pipe. The gener-

ated electric current, which has a frequency proportional to the volu-

metric flow rate, is amplified, rectified, recorded, and integrated by an

electronic potentiometer. Thus a measure of the rate and of the total

flow that has passed through the pipe is provided.

The volumetric accuracy of the system is * 1/2 per cent. The

measurement is essentially independent of viscosity, temperature, and

specific gravity. The range of these instruments is from 3.5 to 90

gal./min.

4. Purge-Tyre Instruments

As in the Redox Plant, gas-purged pressure instruments are used in

the Uranium Recovery Plant to measure interface level, weight factor,

specific gravity, and static and differential pressures. Most of the

applications of purge-type instruments are similar in the two plants

The following applications, however, are specific for the Uranium Recovery

Plant;

(a) The diffrentialpressure sensed by weight factor dip tubes is

transmitted to panel board recorders by a Foxboro d/p Cell as

a 3 to 15-lb./sq.in.ga. air pressure signal.

(b) Interface dip tubes have a six-inch span.

DECLASSIFaE
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to 30 inches of voter and is nearly the same as the gauge pressure in theConcentrator, is transmitted by a Foxboro d/p Cell to a dial pressureindicator. The pressure thus indicated may be used as a guide in operat-ing both the Concentrator and the Nitric Acid Fractionator.

5. Pressure Instruments

Most of the pressure instruments in the Uranium Recovery Plant arestandard Bourdon-tube dial gouges. Two types of controllers, however,are used: (a) The fractionating tower condenser and the calcination potsare maintained under partial vacuum by a steam jet evacuator. Excessivenegative pressures are prevented by bleeding air into the suction side ofthe jet. (b) In the vapor recovery flash tank system, in which the con-densate from the RCU Concentrators is flashed from high (approximately100-lb./sq.in.) pressure to lower pressure and the vapors are compressedto controlled pressures (approximately 30 and 100 lb./sq.in.) by steamjets, the pressure is controlled by throttling the 225-lb./sq.in. motivesteam into the jets. The discharge pressure of each jet actuates theindicator of a pressure indicator-controller, which then sends a controlair signal to a diaphrpM motor valve on the jet steam supply line, thusthrottling the motive steam and thereby controlling the jet dischargepressure.

6. Temperature Instruments

The principles and application of mercury and resistance thermometersare discussed in the Redcx Technical Mianual, EW-18700, Chapter XIX. Theseprinciples apply to many of the Uranium Recovery Plant instruments. Thefollowing discussion describes some specific temperature instrument in-stallations in the Uranium Recovery Plant which differ from those used inthe Redox Plant. These instruments, described below, are (a) resistancethermometers with pneumatic transmitters and (b) thermocouples with in-dicating-controlling pyrometers.

6.1 Resistance thermometers with neumatic transmitters

The use of air-operated temperature indicators on the graphic panelboard requires that in many instruments the electrical measurement oftemperature be converted into an air signal. This is accomplished by aFoxboro Dynalog instrument, which measures the impedance of a temperature-sensitive resistance element, records the temperature, and, through anair relay connected mechanically to the recording mechanism, transmitsan air signal (3 to 15 lb./sq.in.) to the receiving instrument (either anindicator or an indicator-controller). For a multipoint record, a six-point single-pen chart recorder is used. One recorder-converter maymeasure six different temperatures and indicate them on individual indi-cators.

6.2 Calcination furnace pyrometers

The temperatures of the calcination furnace pots and heaters aremeasured and controlled by thermocouples and indicating controllingpyrometers. Each calcination pot is heated and cooled through a cycle

DECLASSRW
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(a) Water is used as a purge fluid in measuring static pressure

in the vapor space of the RCU Concentrators to prevent plug-
ging of the tube by crystals. Humidified air is used as the
purge gas in all other purged instruments. The low volatil-
ity and flammbility of the solvent that is used renders it
unnecessary to use an inert-gas purge.

4.1 Weight factor instruments

In many installations the weight factor signal is transmitted to

the panel board recorders by a Foxboro d/p Cell. If the weight factor

signal is required to actuate two or more instruments (a panel board
recorder and a controller, for example), it is necessary to boost the

signal, as measured in the dip tubes, by a transmitter which boosts the

pressure in the long transmission lines to 3 to 15 lb./sq.in.ga. In

addition, since the output signal from the transmitters has a standard

range of 3 to 15 lb./sq.in.ga. pressure, the receiving elements of the
instruments have been standardized to receive signals in this pressure
range.

Ring-balance-type instruments, which are in some installations
used for recording weight factor and specific gravity, are mounted on

the local panel boards. This type of instrument is described in the

H..W. Technical Manual, Section C, HW-10475.

4.2 Interface instruments

Three dip tubes, spaced vertically at 6-in. intervals, are iz-
stalled in the top of each solvent-extraction column to measure the

position of the interface and. the specific gravity of the organic

phase above the interface. The differential pressure between the top

dip tube and the center dip tube is transmitted as a 3 to 15-lb./sg.in.ga.
air signal, by a Republic Instrument Company transmitter to a six-point
recorder. The transmitter has an input range of 4.8 to 6.8 inches of

water pressure (equivalent to a specific gravity range of 0.80 to 1.13).
The differential pressure between the center and bottom dip tubes, which

is proportional to the apparent average of the specific gravities of

the liquids between the dip tubes, is also transmitted by a Republic
transmitter and is recorded on the same chart that records the specific

gravity of the organic phase above the interface (top pair of dip tubes).
In addition, the transmitted signal from the lower dip tubes actuates

the indicating pointer of an interface controller. This controller, a
Foxboro Company Consotrol, controls the position of the column inter-

face by controlling the stem position of the valve on the column aqueous

effluent line.

4.3 Water-purged static-pressure instrument

Water instead of air is used as a purge fluid in the static pressure

tubes of the RCU Concentrators to prevent crystals from accumulating and

plugging the tubes. The purge line into the vapor space of the ECU
Concentrators is continuously flushed with from 20 to 200 ml./min. of
water. The gauge pressure of this water, which is in the range of zero
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recorded on a Bristol Company single-point chart recorder. When the
conductivity of the sump liquid reaches a specified value (to be deter-
mined by "cold" operation), an alarm is activated on the annunciator
board.

7.5 Alarm annuciator

A panel board in the 221-U Building Operating Gallery is equipped
with lights, horns, and drop tabs to annunciate unusual conditions in
process equipment to which it is connected by switches. The various
conditions which actuate the Pbnnlarm Company annunciator include the
following: high and low weight factors, high sump conductivity, and
lo water flow rates to concentrator cooler coils.

DELASSFIED



TABLE XIX-

INJTRUMErNT SYhBoL LGfE

Instrument or Equipment PiecC Symbol Instrument or Equipment Piece

AH ..............
AI ..............
AMP .............
CE ..............
CR ..............
CV ..............
IM ..............
DMC .............
DPI .............
DPM .............
LOAS ....... 6.....

FAL .............
FAS ...............
FE ..............
FI ... 6..........

FIC .............

FIM .............

F14 ..............
F% ..............
FRC .............
FR(C) ...........
FR(I) ...........
FM .............
FT ...0...........
GG ..............
II ..............
I34 ......... 6.....

IR ..............
IRC .............
JC ..............
LC ..............
LLI .............
MC ............. s
14K .......... 6....

MKS .............
ML ..............
MS ..............
N.C . ............
N.0 . ............
P ...............
pHA .............
PH AMP ..........
pHE .............
PHI .............

Alarm Horn
Ampere Indicator
Amplifier
Conductivity Instrument, Sensitive Element
Conductivity Recorder
Control Valve
Displacement Meter
Displacement Meter with Volume Limit Control
Differential Pressure Indicator
Differential Pressure Transmitter
Electrical Operability Alarm Switch
Flow Alarm Light
Flow Alarm Switch
Flow Sensing Element
Flow Indicator
Flow Indicator Controller
Indicating Flow Transmitter
Flow Transmitter
Flow Recorder
Flow Recorder Controller
Flow Recorder with air signal to Controller
Flow Recorder with air signal to Indicator
Flow Recorder Integrater
Flow Transmitter
Gauge Glass
Interface Indicator
Interface Transmitter
Interface Recorder
Interface Recorder Controller
Jet Control
Level Controller
Liquid Level Indicator
Manual Automatic Control Station
Microphone ("M' also refers to the Mark
Number on the Instrument Data Sheet)
Microphone Selector Switch
Motor Light
Motor Switch
Normally closed, air-to-open
Normally open, air-to-close
Pmpa
pH Amplifier
pH Amplifier
pH Electrode
pH Indicator

PIT . ...............
PI ...............
Pic ..............
PM ...............
PR ...............
PRV ..............
PS ...............
PSI ..............
R ................
RA ...............
RE ...............
RR ...............
RS ...............
RS ...............
SC ..............
SE ...........
SGI ..............
SGIC .............
SGM ..............
SGR ..............
SI ...............
SPK .......... ..
SV ..............
SV ...............
TAL ..............
TAS .............
TC ...............
TCY ..............
TE ...............
TI ...............
Ta ..........
TR(C)

VE ..... ......
VE ...............
VI .................
VOL.C. ...........
WFAL .............
WFAS .............
WFI ..............

.FIA ..............
WFIC .............
WM4 ................
WFR ..............
WFRC ............

pH Recorder
Pressure Indicator
Pressure Indicator Controller
Pressure Transmitter
Pressure Recorder
Pressure Regulating Valve
Pressure Switch
Puse Speed Indicator
Purge Gas Rotameter
Radiation Amplifier
Radiation Ion Chamber
Radiation Recorder
Radiation Selector Switch
Reset Switch
Speed Control
Speed Instrument, Sensitive Element
Specific Gravity Indicator
Specific Gravity Indicator Controller
Specific Gravity Transmitter
Specific Gravity Recorder
Speed Indicator
Speaker
Safety Valve
Selector Valve
Temperature Alarm Light
Temperature Alarm Switch
Temperature Controller
Temperature-Controlled Valve
Teperature-Sensitive Element
Temperature Indicator
Tenperature Recorder
Temperature Recorder with air signal to
Controller
Vibration-Sensitive Element
Electrically Operated Valve
Vibration Indicator
Volume Control
Weight Factor Alarm Light
Weight Factor Alarm Switch
Weight Factor Indicator
Weight Factor Indicator Alarm
Weight Factor Indicator Controller
Weight Factor Transmitter
Weight Factor Recorder
Weight Factor Recorder Controller

Symbol
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HW-19140

IV fAM



DECLASSIFED
TALI IJX-2

FLOWi RATZ INSTRUI*TS

COLUMN FED ROTAZaTEr INTALILTIONS

Designation of
Ro tan.ter

FIM--17-2

Approx. Rotameter Range,

Gal./in.

10 to 70

Specific
Gravit at 750 F.

0.82

1.08 to 1.17

1.38 to 1.44

0.82

"HOT" ORIFICE ETR INSTALLIONS

(221-U Building)

Solution

Concentrated Feed Solution
Dilute Feed Solution
Concentrated Feed Solution
Concentrated Feed Solution
Dilute Feed Solution
Concentrated Feed Solution
Concentrated Feed or Waste
Dilute Feed or Waste
Concentrated Feed Solution
Concentrated Neutralized Waste
Dilute Neutralized Waste
Concentrated Neutralized Waste
Dilute Neutralized Waste
Pooled Aqueous Waste
NaOH Solution
Pooled Aqueous Waste
Pooled Aqueous haste
Pooled Aqueous Waste
RAX Pulse Leakage
1A Pulse Leakage

Designation of
Orifice Assembly

FE-6-2

FE-6-

FE-7-2
FE-7-6
FE-7-7

FE-9-2
FE-b1-6

FE-.-7FE-9-2j

FE-120l

FE-1.-1

FE-11-6

Approx. Orifice Meter Range,
Ga .in.

7
11
7

7
117
7

11

8
13
8

13
15

2
1515

1 to 6
1 to 4

to
to

to
to
to
to
to
toto
to 50
to 30
to 50

to 60
to 6oto 67
to 6o

30
50
30

30

30
30
30

Note: (a) The values listed in the sPecfic gravity colum were used to calulatethe orifice sizes. Where temperature is not listed, the referencetemperature is 750F.

DECLR D

Spec ifi~

1.36 (1250F.)
1.24
1.36 (1250F.)

1.36 (1250?.)
1. 2 F1.36 (1250F.)
1.38 (1500F.)1.25 (1100?.)1.38 (1300F )
14o (1750F.)
1.25 (1looF.)
140 (1750F.)
1.25 (1100F.)

1.201.53
1.*20
1.20
1.*200.60
0.80

Stream

flAX

H-191so

APS

RAF

F111-17--1
FIM-19-1-1

FM-17-6
fM-19.6

Ffi-17-2

FII-18-2
FIM-20-;

R11

ROF

2 to 12

5 to 25

8 to 4o

0.8 to 10

10 to 70



DECI"SSIRED
HW-19140

9..- 5~ .. reusrna, - .. ,..Lw

'V cAG* as
303 9"~~t
s-a s024~

a-AD-c

0

coo.-
-. C

~.. FAS 3.4

A

r-

LAN

*ALaS

e 5 At*
w- 0V

~ Ii

Ap, r .

a ,- .ona 5-NS

. V , A. J >-s

.7

TO s.

-M LaL

E- 4' .-4(s -

-- C CNTAT_ CN____i C_ s2AORT5g

IINS
E -- *'P jL - 6.4 $rT)

I 45-

-i~g .4Y ~CONCENmRATIM CONDV45EP. 5CI Q2 Q IWet
- -~E-6-(SP r*64(L

CONCENTRATE COOLER TANM EE C-ISPR
FEED CONCENTRA'lTOR

DEGASSRED

FDR GENERAL NOTES. LEGEND AND
TYPICAL DETAILS. SEE TABLE - -I

'..L I. .. CTU.L "cS T I ...... n A

Figure XIS-

TRUMENT FLOW DIAGRAM
FEED CONCENTRATOR

AND AUXILIARIES
(From Dwg. M-2-40346)

-1--



DEC147L*ASRE
HW- 19140

i-it.-.
* I

lqv
L______

- .-.-

Al. -It-

5*a

II.Urn
*.A~.e *'cC SiM

a
*5S*

* ..

~fl5~
4t15

'1
I
V

to It 3"

Si
1W -5 S]

a
- S
V -
13
- t

- A

r

L

L1

I -- -a.

PS ~

a- *W5~~

o 10

- *J* S

.1
ii; I

h I

I I
I I

T( 6-6
FEED CONCENTRATOR FEED TANK

$ ! $
I

S S t.4: ~

-I'm 
_

) -- as, -iL .tns

I
I
I

MC S'S4 
'C 4*"t'0 

a-. G4 - s-I.'

C-,

-4

a -

~.n. *fl~ II

ES ~4

9--
J

- -.............

.1*4ts S

A--I

Tk 6-7
CONCENTRATED FEED RECEIVER TANK_

Mt 'a.

'A

.. ~ *1-

as-I

DESSRE

FOR *EftEEM jM tt LC4O . ..

... .c .. ....

FigureXIX-2

INSTRUMENT FLOW DIAGRAM
FEED CONCENTRATOR AUXILIARIES

(From Dwg. H-2-40347)

~
-n - '-~ta

Sam atteM S
-.

9 9 9 9

L

F1-



DECASIFED
HW-19140

0

A H-,-I .4..-.

* I
* I

ii
a

I-* 5*4,4
- .4.-.

4

4

4
'51W S

-''

t * I

I lo

.X 9

__ I

; .

- e

*

F' - 2
- ithWLLAt~

-np-C

-v.a..

- -S...

- 5*4
1'3J )t -

.J -a -
a,.... *' - '.8

A

-~ I

'~qb- fl-Mc*-~ t-1-4tI.I I
* tj vI

ti

~ , ~jL
In

I 4

---- C

] -

F:; :t
Iii 'I i
IiI~~~i I II
Igi I II ~
[I .1 r4 ~II

WASTt AN4tINm ThMM

I
L.) I4
e ~

'---fl--I 4
I'

~ F

i

I

~'5tI I~

-S ~ p.

A

pta,,. -

S.

--IT J.,t.t.

I 6.

'I ! Ii

II I II:~ ~ A
ill

66 ~±,tJLt
tIC II-e

NEIJTAALIZSR ThnM

I4)

*1

-4
-4
-4

-4
-C

I

I -a

It1

'" *twt.t NOflS. LCSCflO AblO

A m" DWs.tTAJ$n SIM..n .. Ia

*a C~ak.... t '.J I, P...c.n 0.f

T
au b.T~sett r..n isa"".r.u

INSTRUMENT FLOW DIAGRAM
WASTE NELRAUZAT1ON EQUPMENT

(Rai Dwg. H-2-40356)

DECLASRED

a

*Th~ .10.

*ums -c
I..., -a

- -

1



4?

4

S III * I

F.

-.. .4--

r'a.

1. I

a

I, )

i9

--- 4 i

545*.d-*

r ,at K'
Mi dOJd*

a

-- C,-,-?
..- t *OjeS

N' '4-' Afl-'*P~~tL9 :.: *~tL S

- 'FF4.74

4' '

* ~3 ~& C

C.

A
A

T7~.. c[

A

4'
'I
4' I

ti ~' I I
N

eCPrft'rlf 4-4'

-, ~4.f-F ti-ta. I
-- eta

- SF
C. **
'4 *~ta.

i
4h S.

.5

I

I

?1

3;

0Pt e4
~ee4A. S.-

iF'

ftp,-,,t~]
ii d
ii
*4~ '5

'C

-- 4

n.s.a -a

4,

Made is'
P &S~t L A

a
I-

S.
t4
C
'a

a

Li

.4 -

I I

Vt

a.
a'

A

-

9.,

3

Iz~. ;.e~

~4 ~

V 'S

L ~

?tNtStFtt't

1A .

INSTRUM
CENTRI

- I,; .S -;r

eor CAI

Figure XI- 4

4ENT FLOW DIAGRAM
IFUGE EQUIPMENT

(From Dwg. H-2-40359)

COT* -,S 4-n AN
£55flCL~a 004 4,Kt

-at . -p.-.......

HW-19140

/

A
II

*



uEclNrVD
ra ,,' ,N rfuvr 41AC.a.wr~

c-n-.
-. I...'

$ * *

,~ -s "-~ent-don.

p. p*

fl an

-~ -~if:ts

ci

a i i
3

t 2 A
a--- 4: -

-- I--
- - a a -

* - M~UJ
* ia,. fl-na

tn-n.... I
tarn m~,..,

'I

a

F

$ ;
AF-,C L4lref.~d~ r.

-"I.

AP PEED l-trA' VA Cot ufl

I--
-'-Itt
~-r.o.
IC LJJ

nd~ '1.5

a,. S ~F*

4-...'
- ,aa-d

LI. ISt~

- I

Ti
'4

4-'.,

I
:1
-i-CdS1~'~~-.35- '1' 7

T-

qI1

I z... It- _-

I-' -c 'S

I 'S

5'

'I *~

V N-S flJSI

H
I)

* 'V

__ K --

a '7

mu .,.,,. I'

'hi hi
" " K V

Tn 7. 7

RAW DCCL' YEW TAA'M

V

oECLABEDem

HW-19140

41

di

01

.

AIa~VIC
c-nc'

Figure IMK-5

INSTRUMENT FLOW DIAGRAM
RA COLUMN AND ACCESSORIES

(From Dwg. H-2-40363)



DECLASrD1' HW-19140

(--I-,,-')

WI--i
- .L *~1 I , . . 7

I!
i!
ii

*
V
S

4

S.
SIt'

'L~1
I;

a'I.
"-SN

ft.

El

II
II I

II -: *'

SI

A..-

RCU PUMP 00' TANC

-S U- S

-- a
- At.,

I U
--- I-S

S..

I P

a a ii

p ,~7 I,-.
-2.~14~j --- S

rK~
I.

K

F!
I'P

A

'I

4

Au-a

q
~th

~.5

ECT -'7-f

O. Cc4JMN

ra'. i . i

A S *

S.

.. ~ '5 T
Ita.~c nfl-

- I -. I
p I ,,,~ n-~ c.a~.', I

I. * -I.'- -L~71 0 ~ 
-~~-*.<~ 25-. 1-41

- -I.-. - '- I.
*t-4a fl

p isA

ifS A A
t

i

* t ~.zz.

a -~
a

) .-.. PS

* ~ ~ ~ I. ____ ~ItA ____I-i .45
A

I,. S. ji. 4-

:1] P

tv-i-

14
7~

tiC -'7-S

ROW RL~SIVLR ?AWt

F

-I-
#4 *SMAWA At TO tSSS*'SS ASS
flS'cAt ocrists, so FAStS in-,
AA~ flSMAr ~S

A m.nun - AS StAW nas.r fl *SwO0 iS flfh.r ssupwS - mc s0C4. -4
,wd~t awna a - ,n ,s-aar flea, Jr

snama sp.a~ - fl-n. - - ma,
.9 S.,. ~eraSc ,A. a darer,..
m~S'P waste -a5 ACt h.i.v

Figtrnl-6

INSTRUMENT FLOW DIAGRAM
RC COLUMN AND ACCESSORIES

(From O. H-2-40362)

DECLBWM

-C~jO Ifl m5.* a.

'p
as-a-

a 'P-S

Ii- -

-4',

S'S

air'

Jilt

to

j-.
a. -

n.j
IV 7r.

- I..4

4



WZ I ?I5'$u59e

I

a

4-

it-.

ft.

c-i--

- , ---- -

rn--.-

s-i
A,,-,

5,--',

- -----

----- 5- ---

zCD)

C

rii
z

r!']i

- -. is.. -

a.I' T

IPD471
C

a-

a

-L-4

~]i
1*

a Juster

lflr a

LXL~ZZZ~ ft421 ~
N

a
A aI-

!Ik -

ii1~.

itt.

I'itt 
A

I
---- 4.-

4,/ti

-~---0- - -5,',, 7 8

A/i-i p --

i: tH~ ~U ~ 2 ____

nfl. .111
A

ft

tS5

a

a

p - p

5-

Ga.
a

A
I'

I
A
A

I
I
t
*
5'

I
A
*

tgn)

~23Er-

I-

S

-

-- 4.-

--- 4.-

~*1

a'
A" S JAfleiSs cats a

-A~5-t 4-4 4 ita.5 I GA

4. ft.
SCdAsi -a- '..,.-.

-n ----t--,j--- - -

-5--s.'.. -~

a

'A 3
-ft
.1

ft ±
'5 Al
A A

1 5-

2Lftf) En

ilklil
ii . i

If~~J 

I -je -- r,

Ott
A III

~IN
nI~

~j4A

JflCtJi (4055- Sn fl**flI - ~L.siktt~yj .

C
- S S Si-Stan cc' -: *

0=
'n

-ft

~1a

C
S
C

S

N

I
A-

I'

mD

L CF73-7--



92143940593

a

In
21!
~

I

-ii
II

a

A p t~

It ~
j~q

ft ft

1!
A

.1 t
;'

a'

li~

~ I ft.'

I,'

1 T

flu

-n 
0

z

tCC4d ~nfl

-~

1:

-1 -

Sr

S-

I
L Llki

C .ar An, -I

,ir

a

ft

IIa'
A

4

4
I

I

F-il

I

E
a

I
a

A

p

:0112
-4

ci

,jt

A'
2

r2t
.. .....1

All

II 1,

It

Iii d~
±q Ii
j:~ i~

II
ji''
'A

*
0
~1

4~

IN~ '
Pt;

"I

0
A

r, s

(10
-iii

ta
~I

q=

0
CIS

3:

S
0

4-

S=P%

t3

14



HW-19140DECSi 4q

'rVPgCAL COLD %TACAM ORtiVCt TAp
PETAI ASS

rYSr 'f l S ft *flS'*Sd -O

-/

- I

5-.* [,~ -?

-. 4.. *-Os

r~.-4C-.

il-_
S.-. -. ~n-
- - C. CF

.- 4..s-. -

~~9~ '4.a*~*'4w - ~ s-fl. 4~fl~** n a....
£4 C*~** 4.-

aa'.E.4a

a-.. s.~.

4 C....rn. ~n- 4.

MSn ~fl4I e44~,
9**-Aa

-a-

flW/L'A

c~. -a- C'-.

rrpiL p7 f jv3 ur

a. C-,.-
*v.n.. 41
~fl-. -

awa.. i.aa S....f
*4.-n. 4*s -*5**
.~ -. a

a
I':
II

Ma -ern

St. fl.a

'a-

rYnCAL flAtunAric .~,

COAl tR94 ,MMAtJArIO*

I-...
C-.. n-w.v

S C--'4 '-.55 C-f

4.-et - -a-.

* Pe~fl.

-a -

isa, a..

tans..... -*0 -

0 7 t a a . .. " . .5 C a .~

50VO '. UPYr4Are

LEGEND
fl..AT

eC..Tqvyt

T

D.

A

*NO.CATINQ I

CJ1fCL C

ThnFdsM*ttta M
A&~M C AFLifl.A A

j.ntC - smelts S

LIAM.,. 9.

p-n *LOA*T S
voLts-a a

va9.tSt V
'dCI$AAflC .ns a.

C-,...
.6-a ~~In

-a-n -I-' -

AL - L* L.4~1

KA IO- lO RA11.W*91P5

(aIM~sAL ~~*nOmC ~~4.A~IC C.'.rR*9.

Ann naeayas - . aCICA'*S
-a. .5

M n. s-Vat. sup-a CSAL -9~
*655*Sin S.6AYfS - *L. *fl.tA'**

0AtM
~P S*flR *VAUfl ftWt*VSLisk'tS

-S

-turns c-ma, *..~. .,a~e

tSLsS~fl SWstC 6.t*S.ACV -,Cs*

I Wta~fe. e.ss

FiguZX!-9

INSTRUMENT FLOW DIAGRAM
TYPICAL INSTRUMENT DETAILS

(From Dwg. H--2-40366)

VMCABSED

N.. -,e. 0-

~

f'Pi cAL #4A non w,npe rr



HW-19140

DEGLASSI1)
7~~~. 67_ _ _ -

7000
L r~~I ZJ~

IF9~ N .e -~cf± u -TYrJ.r

A .. * .. 5 5*- 55% " S.

C~' §2 ~ - -r~ *~-Jr7 tu> eW'V-ftJ-jh
L____ F2=pATIn

.,~~~ -
GTTT ,,

I ffir~J-!- .TLT

INSTUMEN ELLVBOARD

GRAHI PAEL

Vito-now ~~(Fof is.. v.,nfw 5. --,..a5 . H--03 9

O~*TISlDlAE5t.CCL - - l" -r-



DLASIFIED

c~cJ~c~ rt5 4 ~ ~

S.. 'C ~1P >W 1
0 cfl

C- 44 -ISY K k:,-> ~ a
lLflr tV *"~ ~

T# - *** ~* - 4 '--- I-I

Jr(K ~ t
V ~" >1 L2~~:< L~~ J L-~ a-

-'I-I ~"e.. 5fl *-~ TA~PS-I

___ ~

..........

411A 1-7

L -'J-

-I

S.

(1

C

r M E 2V ~ 0r4

rL a r . a

C--.lO f InaCr"s

A..,..- t .. .. as

flt etr ant.' '

a ut~,. Pai-l,

WPR

'on

4PAL

Wa..T P.',..

Cast... R.c.a..,.

tan'. an.,.. fls..S*EM

'1...- Rsconan

Wan., t~Cp.n M,5.4 Attn

7S*tas1.,qt

rran an..

Pta..-

we,.-- Pat,. ft At Ann L4fl

flu-an Le..r

.we aen..s,-

Sn Ca *aQ~

5-

- -- n.h.

'&SI. a

flnrn cast .- fl"r .~St .~nfl't'0 flWtfl t-rs'otw

7 ,fh.,-..v Cnra sin

Jar Cawrno.. taart Pt.rca

Ooga..ara.n I Q.,.,..n- ~ases,-rar

a 1 r...-'. 4-I
-3

4 -tsr...,,.
C S 7 ,.4 nAC..
*

- , 4 ____

at Th.~,. 'Os
-. I ~ iT dl

'0

IL

Figure XIX-Ii
INSTRUMENT PANEL BOARD

GRAPHIC PANEL *Cfi

(From Dwg. H-2-40371)

DECIABMED

ins-

Thu -

HW-19140

010

qflMSE I.E

V

A- Si

bW ME

III
0

-I

ci

I-,

I

~!r Pt savc. P~,.r.s

A '~Ca-.rc

£3 Dr.'n~rstan" ~n.

~j
1 jjTh. 4ann

4 .. ,,#..,a.na,

I



HW-19140

DECl.ASSWED

A(-&-. AlN- w# A,-', AIt-

A, z
"A'sCS

4-

0 0 0 00 0
Aev, AA WAE f- 4>-2-

-, -C

-tAll 1, .1c~ -C

r~i'~i) ** Iriz-cl f

1 4mAs A - WA DI1 -e Co r-C c, ?wC. nv- C/ ,Z

Cot e

S. *~I

I-Si
'"-'I

fl a.'

N

_.. eSA AbCA 7flMsdA Oa aVCA 'ns

- - yO T ""'NSf

M All O*A 70 ted V

- C , CSAAV~11a-C >CSVC /AAd /fAf

N - JtvAr 44rY 4YflflbA(v7Me

- rJMSSAI CrA M

A'rAC - 1V44't -ADCra. OCA ~ ratnP l, - ,A#S A4 'DCtn otAt

A' - A4SSAS4rAAP

a.1 OtflJ> / 

7
di .J3 r0"A f

A- A AS ,rAIM,,01OTrM srvtrCfl

MCMAnUAL CON rel I SfM

)/INp ImavOA om

P,-nonf nfc Aeo'. Amfjr

P4!r .'tlstrcefrer e .

FRONT ELEVAT/ON

wTW -e.ni T eaei,,rr A ~~'snpr.e RCFSCCC . Or.4fl

ro .14 JT AM ,

S~~~~n -- SACIlCW E A
Figure X[K- 12

INSTRUMENT PANEL BOARD
GRAPHIC PANEL "D'

(From Dwg. H-2-40373)

DECLASBHED

i



FLCAWED 001
PART IV: PROCESS CONTROL, continued
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CHAPIE XX. ANALYTICAL METHODS

A . IfTfODUCT ION

1. General

This chapter briefly outlines the principal analytical methods now
available (September. 1951) for use in analyzing the various components
normally expected in Uranium Recovery Process streams.- The limitations
of each method are presented as an aid to operating personnel so-hat
they can intelligently interpret laboratory results and can request deter-
minations which will produce meaningful data. For each analytical method
the precision, accuracy, sample size, time required for analysis, and
impurities known to affect the method (if any) have been listed together
with a brief description of the method.

C0
As time passes, many of the methods described may be improved or

replaced with new and better methods. Therefore, if the outlined methoddoes not meet a particular process requirement the Analytical laboratory
should be consulted.

2. Definition of Terms

2.1 Time required per determination indicates, unless otherwise noted,
the total elapsed analysis time required for a single determination. It
includes any method delays such as digestion, cooling, or agitation, but
does not include the time required to get the sample from the operating
building to the laboratory.

2.2 Accuracy as presented in this chapter is stated in terms of the per-
centage disagreement of the average analysis from the absolute or "true"
analysis. This disagreement is termed the "systematic error."

2.3 recovery. In radiochemical determinations a portion of the radio-
active aeEnt concentration being determined is generally lost and not
counted. To determine the percentage of the radioactive element lost,
a large quantity of an inactive isotope (large in comprison with the
radioactive element concentration) is added and its chemical yield (re-
covery) is calculated.

2.4 Precision is an indication of the reproducibility of the method. In
this chapter the precision figures represent 99% limits. In other words,
in ninety-nine out of one hundred determinations statistical studies have
shown the reported value does not vary from the mean value by more than
the stated precision.

2.5 Sample size is the volume of sample actually required by the analyti'
cal method for a single determination. For most Redox samples duplicate
determinations will be made for each requested analysis so the total
volume required for a requested analysis will be twice the volume shown
on the method tabulations.
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For many of the radiochemical methods the sample volume required is

dependent upon the precision required of the method and the concentration
of the radioactive element. Statistical studies have shown that the
following counting precision may be expected from the ASP (Alphs-Simpsan
Proportional) and BGO (Bete-Gamm-Offner) counters:

Total No.
Precision (99% Limits) of Counts*

t 1% 66,ooo

*2% 18,000

5% $2,600

*10% 700

20% 170

*Note: This is the total number of counts counted for the
determination -- irrespective of whether they were
counted in a short time for a sample of high radio-
activity, or a longer time for a sample of lower
radioactivity.

The specific activity for one microgram of plutonium is approximately
1.48 x 105 disintegrations per minute (approximately 74,000 alpha counts
per minute on a 50% geometry ASP counter). Therefore, if a five-minute
count is to be made and one per cent counting precision is desired, the
sample aliquot used for a determination should contain approximately
0.2 microgram of Pu. Similarly, for a five minute counting period and
20 per cent counting precision the sample should contain approximately
0.0005 microgram of Pu. If insufficient sample is available to obtain
the counting precision desired during a short counting period the count-
ing precision may be increased by lengthening the counting period.

The sample sizes stipulated for the various fission product deter-
minations are based on the assumption that the plant is processing a
2-year-aged waste.

B. PUrSICAL PROPETIES

1. Crystallization Point

Application* The method may be used for all uranium recovery process
solutions, but it has been developed for use primarily with "hot"
solutions such as concentrated PAW.

Description: The crystallization temperature is obtained as a plateau
on a cooling curve for the sample. The temperature in the freezing

DECLASSIFIED S
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point tube is measured by an iron-constantan thermocouple enclosed in a
glass sleeve, and is recorded on a Brown Recording Potentiometer (Model
153 IIIV-I-27.)

Liquids which supercool tend to give low results. The supercooling
effect may be overcome by running several cooling curves on the same
sample, thereby establishing a crystal "memory" on the walls of the freez-
ing point tube.

Time required per determination: 90 minutes. (It is expected that with
additional experience with the method the time required may be reduced to
less than one hour with a probable decrease in the precision attained )

Systematic errorr Dependent upon the accutacy of calibration of the
measuring and recording system. In the range of- crystallization tempera-
tures expected (0 to 10000.) the systematic error is between -0.1 and
+ 0.1 0 C.

Precision (99% limits): Between -0.2 and +0.20C.

Sample size: Samples as small as 1 ml. may be used. Since the composition
of the sample is not altered during the determination, it may be used
later for Other analyses.

2. Completeness of Solution

Application: This method is used to determine the effectiveness of
slurry dissolution at the various tank farm process vaults (e .g., Blend
Tank samples). In- those cases where dissolution has not been complete
the approximate amount of nitric acid required for complete uranium
dissolution is reported.

Description± The sample is placed in a 3milliliter glass centrifuge
cone and centrifuged in an International Clinical Centrifuge. Any
undissolved uranium salts appear, upon visual examination, as a yellow
sediment in the tip of the centrifuge cone. If undissolved uranium salts
are-present the-sample is titrated with 60% nitric acid until the sample
appears clear, and then recentrifuged. When uranium sediment is no longer
present, the sample is reported as "clear" and the sample is stored for
six days to determine whether precipite forms on standing.

Insoluble.'uradium salts my be differentiated from other nitric acid
insoluble materials (e.g., sand, glass) by the characteristic yellow color
of the uranium salts.

Time reqgired 'per determination: To determine absence of solids--i5 min-
utesy for titration procedure-60 minutes.

Systematic error:- Far samples containing insoluble uranium salts, the
systesstia error of the method is cosidered to be negligible in compar-
ison with the error which might be ittroticed in obtaining a representa-
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Precision (99% limits): Dependent upon the limit of detection of solids,
Probably less than 0.% of sample volume.

Sample size: 1 ml.

3. Disengagement Time

Application: The method is used as an emperical test to determine the
emulsification tendencies of TiP process solvent-extraction column feed
solutions. It may be used in its present form to determine the emulsi-
fication characteristics of a slightly radioactive recycled or treated
solvent by using a "cold' standard solution prepared to simulate the
approximate aqueous phase composition in an BA Column along with the -
solvent. Since a large amount of aqueous phase is required by the method
in its present form the method cannot be used to evaluate the emulsifica-tion characteristics of "hot" PAP solution, though modifications of the

L.0 method rendering it suitable for "hot" solutions could probably be
- developed.

DJscrip ion: Approximately 50 ml. of solvent and standard aqueous solution
at 25c. are placed in a stoppered, 50-mi. graduated cylinder and rotated
20 times at one rev./seC.' At the completion of the rotating period the
time required for the emulsion to break (i.e., the two-l4use zone becomes
less than 0.1 ml.) is measured and reported as the disengaging time.

The ratio of aqueous to organic solution in the cylinder is speci-
fied by the person requesting the determination. (Normally tie relative
volumes are those of the flowaheet being run through the solvent-extrac-
tion columns.)

Time required per determination: Aproximately 15 minutes.

Precision (99 limits): Unknown. (Zatimated at about * 10 to * 25%
of the disengaging time.)

Sample size: A total of approximately 50 ml. of aqueous plus organic
is used for each determination. At RW No. 4 Flowsheet conditions the
organic to aqueous ratio is approximately 5:3.
4. Distribution Ratio Test

Application: This method may be used to detect solvent unsuitable for
recycling in the solvent-extraction battery.

Description: One volume of sample is successively contacted (shaken
vigorously, allowed to settle, and separated) with one-half volume of
standard 1AF plus PAS (PARF/AS - 2) solution, three one-volume portions
of standard PCX solution, and one volume of standard UNE stock solution
containing approximately 0.8 g.UNE/l. The solutions from the final con-
tact are analyzed by the fluorophotometer for UNE and the distribution
ratio, ER, is calculated and compared with the value obtained using
standard PAX instead of the organic sample. The standard "cold" solutions
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used are prepared from C.P. chemicals with the AX, RAF, RASand RC
compositions corresponding to those of the iW No. 4 Flowsheet shown in
Chapter I.

Time required for determination: Elapsed time -- 90 minutes; operator
time-- 45 minutes.

Systematic error: The fluorophotometer results may "drift" over extend-
ed operating periods. This effect is eventually detected and the
instrument reset so that there is very close to zero systematic error.
It is felt that the drifting may be detected and corrected by the time
it has amounted to a 10-per cent discrepancy.

Precision (99% limits): Mainly dependent upon the precision of the
fluorimeter method--approximately ± 30%.

Sample size: 2 to 5 ml.

5. Flash Point--Tag Closed Cup Method (A.S.T.M. D56-36)

Application: The A.S.T.M. Tag Closed Cup flash point test is used as a
measurement of the flammability of the diluent purchased for use in the
extractants of the Uranium Recovery Plant. Purchase specifications(l)
have stated that the diluent closed cup flash point should not be less
than 1400F.

Description: The procedure and equipment used in the determination con-
form to those specified in the standard A.S.T.M. method. Briefly, the
temperature of a closed cup of diluent is gradually increased (100. per
min.) until a distinct flash is produced in the cup when a carefully
regulated test fla:e is introduced.

Time required for determination: 30 minutes.

Systematic error: Dependent upon the calibration of the thermometers
used in the determination. (Usually approximately ± 0.20F.)

Precision (99% limits): ± 10 Fahrenheit.

Sample size: 50 ml. per analysis.

6. Specific Gravity by Felling Drop

Application: Since such a small volume of sample is required the method
is well suited to determining the specific gravity of radioactive aqueous
streams such as RAF and RAW.

Description: Specific gravity is determined by measuring, at a carefully
controlled temperature, the length of time required for a carefully
formed small drop of sample to fall (or rise) through a fixed distance
in an immiscible liquid. Changes in composition of the immiscible liquid
are detected by making periodic determinations with standard samples.
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Time required per determination: 20 minutes.

Systematic error: Minus 0.02 to plus 0.02% (i.e., 0.0002 g./ml.).

Precision (99% limits): Better than ; 0.2% (*0.002 g./Ml.) for
average of 5 drops.

Sample size: As little as one drop (0.005 ml. from a special device
which makes small drops) may be used. However, greater precision can
be obtained by making several determinations. (3 to 5 drops generally
used.)

7. Specific Gravity by Pycnometer

Application: The specific gravity of "cold" or slightly radioactive
organic and aqueous samples is determined by this method. For samples such
-ao RAF and RAW which contain appreciable amounts of fission products.

Cm the Falling Drop method should be used.
Zr

Description: The weight of a known volume of sample at 2500. is com-
pared with the weight of an equal volume of water at 40C.

Time required per determination: 25 minutes.

Systematic error: Minus 0.02 to plus 0.02% (i.e., 0.0002 g./ml.).

Precision (99% limits): :0.05% fov aqueous samples (approx.
0.0005 g./Ia.),

± 0.1% for organic- samples (approx. 0.001 g./ml.).

Sample size: "Cold" samples, 5 ml.
Slightly radioactive samples, 2 ml.

C. CHEMCAL ITERMIATIONS

1. Aromatics and Olefins (A.S.T.M. D875-46T)

Application: This method is used for the determination of the sum of
the olEfin and aromatic concentrations in diluent purchased for use in
the Uranium Recovery Plant. The allowable sun of the olefin and
aromatic concentrations in the purchased diluent"1 is 2% by volume or
less.

Description: The procedure, solutions, and equipnent used in the
determination conform to those specified in the aromatic portion of
A.S.T.M. Method D875-46T. Briefly, an accurately measured sample is
sulfonated at a carefully controlled temperature using a 70% 32 S0 4 -

30% Pe05 solution. The volume of olefins and aromatics present is
calculated by subtracting the volume of sample remaining after sulfona-
tion (paraffins) plus the volume of sample soluble in- the aqueous
phase (assumed) from the original sample volume.
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